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"this work mm undertaken in  o rder ter determine the 
influence o f the fcriphei^liaefchyl group on the course o f  
the hydrolysis of" the outers "of secondary aXcokeXs contain­
ing th is  groi^* "" ; ' " ’"''"' ” ' ,:' ' ' '  "1 ' ~: ' :i""" -"
■" ' vm  re so lu tio n ’o f  th e ' hydrogen p h th e lie  e s te r  of 
triphes^Xmetby X phenyl csrh ino 1 is  described* the 
hydro lysis o f  th is  osier* in  both 'sold  and • alkaline media• • 
givos r i s e  to d#eoispo#itlon:products of the carbinoli 
these reac tio n s  a re  ’'d iso issed ‘5aoa compared e i th  reactions 
o f oarh ino ls having ’s im ila r !e o n s titn tIo n s♦' •
An uaosuai'reaction7o f  the hfdrogen'phthalio e s te r ' ;- 
with Qrl^mrd reagents I s ‘ described, • together with the 
preparation o f  tbe!' op tica lly  active for&a o f ! triphenyX^ihyl
a~<Ac-^~c
phenyl carblaol by re too1 ion of' the 'optically Aforss o f the 
hydrogen pfotbslie ester with' lithitsa aiuminta* hydride♦
’ A further section  con sists o f  a description* and 
discuss ion on th eir  m tare, o f  c  serXet o f  crysta llin e  ■-: 
molecular compounds formed by o p tica lly  s a t ir e  triphenyl*- 
methyl phenyl cattoinyl hydrogen' phtbaX&fce with a large 
number "of solvents*
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In  the reac tio n s  o f  carboxyl!© e s te r s  there  are  two 
possib le  socles o f f is s io n  o f the e s te r  js©l@©ul©t*
a t  0 0 : Oil a f coo  jit
U ) '  ■■ "" t b )  ■
la th ed  (aI involves f is s io n  o f the bond between an 
oxygen atom and the a sy l group, and is  r e fe r  rod to as ACYL* 
OXY0&K fiss io n ?  TOthod (b) involves f is s io n  between oxygen 
and th© aX&yl group o f  the alcohol and i s  termed Al£X3>  
oxiai i i i  fiss io n *
ffe© ciest coraon reaction of earboxylle esters is  
hydrolysis, and there are four possible m ehiinlsss by which 
th is reaction say occur* {JS001D, frans* Far* So©#, 1941, 
3V. p»*8$t tm m *  K lM tron lo . fheory ©f Organic Chemistry, 
Oxford University I5rasa, 1949, p#XW)* the reaction In 
alkaline, media m y ttierofor© b© formulated as follows?*
1 . B im lee u la r .reaction w ith ACYk*oxygen f is s io n
0
I! *'
H O - G  - +  OH* ■-  > • EOT!
I
1.1. B lao lecu lar re a c tio n  w ith Al£Y2>oxygen f is s io n
0 " a
II 5 ' S- II
110* +  f c - 0 -C  — > HO a  0 -0
■■■ I ■ ■■ I
a* a*
o
ii
— > ' BOB, * "0-0
a t
113. ’Ju lso lae ttls r  reaction with &C¥L-osyaan f is s io n
ii*csaa : w=* . . a*co'*’ + ■ oa“
, a 'co* + ho" ■ ^=± . . ■. g 'coon
ok“ + h„s — * ' now + o rr&
I f ,  ilnisolecul& r m m ti& n  w ith /diCldu*oxygsn f is s io n
E«GO0S ^  HfOO0* 4- ' i f
i f  + OH* ■» - ItOH
In mchanlams" I 'and ’I I , the ease o f reaction w ill  
depend upon the ease o f ' forma felon o f tfm transition  complex, 
and therefore upon the activation  energy o f th is  f ir s t  stop* 
Owing to the meomerle structure o f the ester  grow ing, the 
molecule possesses a high resoiK86*«stab lllsatlcm  energy#
The theory  o f  eeaomnce ana I t s  A pplication to 
Organic Chassis t ry , Sew Torfe, ' 19445*' th e re fo re , any node o f 
a tta c k  capsule o f  destroy ing  th is  mosomerie s tru c tu re  w ill 
requ ire  a high m t l m t l m  em ri^*  th i s  a c tiv a tio n  energy 
would co n s is t o f
(a) the energy©f form tlon  o f the new bond, en^ or
(b) an amount o f  energy equal to  the resonance* 
s ta b ilisa t io n  energy o f  the o r ig in a l e s te r  molecule*
: in  mechanleio 11 above b o th 'o f  thee© q u a n titie s  are 
involved,' so that th is  m etm nlm  would not be expected to be 
eosoaon# Thus, only om  example la  known and occurs la  the 
hydrolysis o f  /3*mlo*lacton@'(28CX>U)f J*C*S*, 193?, 1264)
€ = 0 CH3-----C=GI I
ELO + !!€•
c o o n COOH
C&s COO’
COOH
In mchmniBm I I I ,  tfm a c tiv a tio n  energy is  again  
very high since i t  involves the re so n a n ce -s ta b ilisa tio n  
energy as m n t lo m d .in  (b) above, and a lso  energy o f 
io n isa tio n , so th a t  th is  m ch& nim  a lso , i s  very un likely  
t o  o p e r a te *
Hi# tr a n s i t io n  eoisplex In ooehanism I  Involves the 
form ation o f a now bond but no t the d es tru c tio n  o f tb s 
o r ig in a l  jcsesomerlo s tru c tu re*  The a c tiv a tio n  energy, th e re - 
for®, co n s is ts  only o f  tbs energy o f  fo rm tio n  o f the ®w 
bond.* This energy is  lower than  a ig h t otherw ise be expected 
since the new bond involves' an oxygon atom, whose mn*boMlng 
e lec tro n s  can take p a r t  in , and there fo re  extend, the ex is tin g  
.raesomerlo system* Thus, the t r a n s i t io n  complex Is a low 
energy s ta te  end I t s  form ation eo^& ratiw eiy  easy, so th a t 
th is  mechanism would normally operate*
In m& lmnim  I f ,  l i t t l e ,  I f  any, resonance s ta b i l is a t io n  
energy is  lo s t  since the sKMwaerlem Is  re ta ined  in  the re s u l t  in 
ccrboxylate anion, and occurrence o f th is  mechanism would 
d#peM only upon the ease o f  separa tion  o f  the group tEf as 
a cation*
The type o f mechanism which operates has boon' determined 
experim entslly  by th ree methods# These, in  agreement with 
t!i© th e o re tic a l  considerations ou tlined  above, Ind ica te  th a t 
the eeatson mode o f e s te r  h y d ro ly s is ' is  by • mehanlsm I ,  i*e* 
by /«C¥3>osyg;e& f is s io n , and there fo re  th a t o th er analogous
reactions would be similar*
1* Polanyl and SE&ho, (frans* Far* See*, 1934* 30, 308) 
e a rr  led ou t the hydro lysis  in  water enriched w ith the  
ojsygon isotope O ^y  and found th a t the lib e ra te d  alcohol 
contained only the m m & l proportion  o f  th is  lea tope, thus*- 
0 ■' 0 
(H O 1 0 ) *  ' +  C — OE ' ' : HO^®— 0  • • + ' SO "'
I I
a *  a»
go- + . ttjO18 ----* KOH + . . . (Fi01Sr&
Moobmlmuo IS end 1V would yield an alcohol containing an 
tneroasod proportion o f thus*-
(HO18)* t HOOCH* '---- * U0*°S + ' *0001*
th is  procedure does not © lim im t# t o  p o s s ib i l i ty  o f 
»ehaalsm 111 *
2 # In  an e s te r  8*0098* t o  group 8 m y  ho o®  of 
two type**-
(a) a ttached  to  oxygon by on aaym etrio carbon, atom, or
(b ) capable o f  roarrosgomont on re le a se  as a cation* .
(a) Kenyon and F h illlp s , (1 *0 .0 *, 1930, X$?d) have shown 
that a carbonless ca tio n  does not r e ta in  i t s  o p tic a l 
configuration on release* When the {♦) or ( • )  hydrogen . 
phthalie ester  o f  £»aothoayhenstydrol i s  hydrolysed in
d ilu te  alkaline, solution* the highly  recorniced alcohol 
i s  obtained# •; {mW0M ©t o l ,  £*0#$#, 1942^ 605)*' ;
mpar&tion o f Urn bernhpdryl eat Ion which imoed lately  
m cm iem , &'®& therefor® that hydrolysis occurs by 
j^chaniasn IV# This m f  ha formulated as follows t*
Hydrolysis o f optim ally  ac tiv e  /Q -solo  loo ton© In 
n e u tra l so lu tio n , gives Inverted m i le  ac id  (iHGOtD s t  
s i ,  *ftO*S## X9S7 , 3L24S)* In  th is  case ih® hydro lysis 
appears to take p lac® by a b&solocuiar dlsplacesasnfc 
mehanlm m  in 11 above§ which, .necessarily Involves . : 
inversion  o f con figu ra tion  o f the ftsyxssstrlo carbon*
f h is  c le a r ly  in d ica te s  th a t the re ac tio n  Involves
IO 00-— C -H
COOH /^ v
'000 *
00011
OH' DEC
f t )
(b) I f  fell# gromp 1 d f  en ©ator &#G008 is ' capable o f  ■ 
on role&ao as a c&ilon# than the structure 
o f bb® products (n o rm ! o r xfeorranged), m ill  to lic& te the 
type fission  involved* - fhm 0 ■ PoatrovaHy and !!tsgh@af 
(J*0*S«t'-194d,’ X$8V-h&ire sfeown that «® twenty! broiuM# with 
sod ins ethoati&e in  dry eth y l alcohol undergoes'& slow 
bXmoleeul&r reaction giving a naopanty X other* ■■
-■■■ J C (K s U  | o
Etcr + C5s0),C-ei!r,BS* — > EtO••—•••••• C.—•••••• BJ*m «• /  \
, ; ' .  ^ .■■■■■ I I  ■ I I  .
■  -» StO-C!irC(io}3 : '■ ■ 4- fir* ' "
On tbs other hand* eolvolytlo reaction of neoponiyl 
bromide in aqueous alcohol giro® tertiary acyl alcohol» 
th is Is a unirsolocular.reaction* and tmasfc Involve release 
and consequential re&mngesaect. o f the neopontyl cat ion#
fhm 9 to# fact that hydrolysis of nm pm tyl
carboxyli# entersgives aeepentyl alcohol (q^AYhs end' 
s c a iro a f  j . j u c . s . ,  m o # e g *  m o } '  i n d i c a t e s  that
hydro lysis occurs by mechanism I#* 1*#* w ith  A0fL«osyg©a 
fission*
3 * ' ' Ifoasurezaont of reaction ra te*
‘ ' Same it* ■ W* A. 0* S** 1933* 35* 4079) has shorn that 
i f  two type# of reaction are closely related in mechanism* 
then, the logarithms of. the reaction rates art'linearly  
related* fbus it  has hoen shown that the rate of 
olkyl&tlon of trlnftthylftmlne with methyl esters Is linearly 
related to acid strength*'' A similar relationship doe® not 
eglat between acid strength and sideline ester hydrolysis? 
o*g** ethyl hensoat© it  hydrolysed at one quarter the 
rat# of ethyl acetate* whereas* hemolo acid is  four 
times as' strong as acetic acid* It is  therefore 
concluded that toe mechanism of alkylatlen* which must 
occur by AOCfl>Q3sygen fiss ion  as indicated in the 
equation* Is different from that' of ester hydrolysis*
She la tte?  smst therefor© occur fey ACrt-osygen fisaioa
8000 C H . +  ' S(CH ) — *  8 C 0 0 "  +  8 ( C I L ) f*> O 5 4
Following on th is , Betts Uzmmtt 
1957* 69, 1568} hare shown that amono ly s is  o f  ester#
*  nKdKtrty ^  **
approximate# to  a second order reaction* fh# rat® 
o f teas® reac tio n s c o rre la te s  w ith Urn rat® o f a lk a lin e  
hydro lysis o f  a s te r s  which must therefore occur by a 
s t e l l a r  mechanism# S im s  the am onolysia o f  ©stera 
involves ACYL^oxygsn f is s io n  as shown in  the  follow ing '■ 
scheme* i t  follow s th a t  os to r  hydro lysis norssally takes 
a s im ila r coarse#
i t e o lo a f v  ■ -h . .■ ^ — ^ j k o s h *  ■ 4 - . ■ ci& tO H-• O *>* **
By these wthods i t  fxm bean established feat 
mechanism t  is by far the most ©onmon mods of ester 
hydrolysis* fteeenfcly, hoswrer, a number of eases have 
boon reported of the occurrence of ester hydrolysis by 
mechanism If which, involves &LiC£t~o:^gen fission*
Otter factors being ®%ml§ the extent to which 
aIhyX^ojcygen fission occurs w ill depend upon fee electron* 
releasing power of the group B in an ester 3i*C00B# since 
this w ill determine the ab ility  of the grpu^ to separate 
as a c&rbonium cation* Conversely, alkyl**©xygon fission
• 1 0 *
w il l  fee in h ib ited  fey e le c tro n  w ltM raw al.
O tter fa c to rs  in f lam e i t ^  th® s©4@ of reaction
of an e s te r  are?*
ID  Ionising- power o f  the solvent?
(a) s t a b i l i t y  o f  fee earfeoxylata anion 1**00®? (This 
Is  re la te d .to  fee s tren g th  o f  fee ac id  B*0O®.t£)*
(3 i c o o rd in a tin g  power o f  the rep lac ing  anion.
Th® tendency to aXkyl*©xyg®n fission  is  therefor® 
most likely  to b® shown under the following conditional*
(a) wten ac id  e s te r s  are used, since th o s e , ' us t t e l r  
sodium s a l t s ,  can fee brought in to  so lu tio n  in  wafer 
o r a$u©ou® alcoho l •  a s tro n g ly  Ion ising  taedtea?
(fe>. wten hydrolysis is  effected in dilute caustic alkali 
or a solution of a weak a lk a li, ®*g* sod tea carbonate* 
f!si# reduces the hydroxyl ion concentration and 
therefor® re ta rd s  fee Mmo te e n ie r  mechanise' 1, the 
rat© o f which is  dependent upon this factor (BAY- 
and I > u5t t rum* far# So®., 1041, 37, SSX)* ... 
fhosc factors tew  also been shown to influonc® 
the tehavteur of asters In reaction® otter than hydrolysis* 
Again the occurrence of alkylHMtygoa fission  has been 
demonstrated, chiefly fey fee .ooeurronao of raocmisation 
during reaction* -' the three types of reaction'are?*
1* S o lvo ly tie  reactions- o f  the hydrogen p h tte i io
ewter* of some o p t ic a l ly  a c tiv e  Beoon&avy alcohols  with 
fo m ic  iM  a c e t ic  aaide give races*ised formic and a c e t ic
a s te r s .  d i a l l e r  re ac t io n s  n i th  methyl and e thy l a lcohols 
give raoeaic methyl and'e th y l  e th e rs .
B* COOH ^  EfCGO~ ♦ R*
B ♦ ,lT. .—», - BX
•  liCOO** $ SScCOCT, EtCT, EeCf*
the tendency for th is  type "reaction to occur in anhydrous 
solvents decreases.in  the order..; ~ formla aaid# acetic
&cld, ,&eth&nal» ethanol, hut i s  increased  in  a l l  oanes by 
the addition, o f  water, i . e .  by increasing the ionising
power of the media® (XEflXOW e i §1, J•€*$#, XS4S, 803)*
?* Solutions in aqueous - a lte l i  of the eoid phthalie 
motors of some optically  active secondary alcohols deposit 
the neutral 41-ester# th is , on hydrolysis in concentrated 
or alcoholic alkali ao as to favour acyl-oxygen fisaion , 
gives the alcohol in a p artia lly  racemistd cond ition .
Ur.'IGS e t  d .G .S ., 1S46, 805).
the evidence suggests that the reaction occurs as followst~
-1 2 .
h y d r o l y s i s  w i t h
co n e . ' e lk a l i
S. ■• ; Hydrogen plvthalia ■ caters of .some ■ opti e&lly aatire  
recond&j*y a lcoho ls  re a c t rap id ly  w ith  aadlum j^ to luenegulph  
-in a te  ■ to give o p tica lly  in a ctiv e  mlphmem* th is-reaction
say  be s s e r ib td  to  the ^e&kneos of the  alkyl-oxygen bond 
compared with the -strength of the alfcyl~oulpfcur bond, the 
formation of which-is irreversible* .
By Investigation of the Hydrogen phth&lic and 
succinic festers of optimally active secondary alcohols, 
Kenyon and co-workers Hair# ehosn t h a t  the tendency towards 
slkyl-ovygen fiss io n , as measured by the ex ten t o f  
r&cemia&tlon o f the resulting a lcoho lsor their derivatives 
(ethers, a ceta tes, formates, sulp&oaes) ■ decrease® In the 
ordert- amieylnaphthyl carbinol}  &~methoxyben&uydrol ^ 
antsy1 elceholX  0(4- ^substituted e l ly l  alcohols ^
a e thy 1-1 ~naphthy 1 carbinol ^  methyl phenyl oarbinol (BALPE,
pa xml I d s  the o rd e r o f e le c tro n  re le a se  from the alley I  
group as a. whole.
JtsoordingljTi I t  was decided to  In v e s tig a te  the 
behaviour of-SSI 5 ,YI/T:fk¥h PHENYL CAHB1I01, a compound 
In  which the p&enyl groups ©ay he expected to  iltM m w  
electrons fro® neighbouring atoms in  the molecule* , "this 
i s  an ♦inductive1 effect exhibited by phenyl groups in non* 
conjugated systems| i t  i s  demonstrated by the in fluence  
o f phenyl s u b s t i tu t io n  on the strengths of earboxylie acid® 
{m.mr ernd u m n t d*S*S*# 1937f 1008}* ©ad also by the 
increase In the hydrolysis rate of esters of phenyl 
substituted earboxyliO acid® and Dilfll,.
1540, 42., 23245. In the former, the phenyl group. Induces 
a smell p o s itiv e  p o la r is a tio n  o f the oxygen atom of the-
oarboxyllc hydroxyl groupf thus f a c i l i t a t i n g  the re le a se
o f the hydrogen ion t*
3?a-t-C-4-0 a Fa— C — 0~ # K*
Jt l»
0 0
Sim ilarly* in  the ca s t o f e s te r  hydrolysis*  the p o s itiv e  
p o la r is a t io n , which w ill  occur on the neighbouring carbon 
atom, w ill  f a c i l i t a t e  the  approach of hydroxyl ions from the
a lk a lin e  medium and hence in c rease  re a c tio n  ra te t~
A s im ila r  in  trlpb^nylm etnyl phenyl e&rbtnol§
producing a p o s it iv e  p o la r is a t io n  o f the eajtoinyl carbon" 
atom, w ill  toad to  s tren g th en  the link  w itn e lec tro n eg a tiv e  
oxygen* th u s , in  any re a o tio a  o f tM s  ©oapound o r  i t s  
d e r iv a tiv e s , the tendency tor  t b l s  link  to  break , i*e* fo r  
&lfcyl«oxyg*n f is s io n  to  o o au r,w lll be sm allj a t  l e a s t  lo ss  
than in  nethylphmyl carb incl#
P n  H
+  i
0
B r n X m m n H i t  h e i s t ©
of elMal j
The .most favourable condition  fo r  the oaaurrence o f 
Alfcyl*oxygen f is s io n  in  th e  a l k a l i s  hydro lysis  o f  aarboxylia 
ou ters  i s  ih&t the © rter eiioula be brought in to  so lu tio n  in  
a ©tremgly io n is in g  siedluau. Heaae* .th is  In v e s tig a tio n  was 
ca rried  out u sing  the ac id  p u ih a lla  e s te r  o f trlphenylmethyX 
phenyl ee rb in o l which eould.be d i seolved as  i t s  sodium s a l t  
in  a^ueou© aXeohol# flif hydrogen phth& late h&$ been obtained 
Sn optim ally  -active f o n t  and tlius i t  might bo a n tic ip a te d  
th a t  -the type o f f is s io n  involved on hyd ro ly sis  would be 
in d ica ted  by the production. o f an o p tic a l ly  a c tiv e  alcohol 
(aeyl^oxygen f i s s io n ) , o r  a m a ts ia  alcohol (elkyX~oxygon 
f i s s io n ) #
.Attempt® to  is o la te  the  e&rbi&ol from the  e s te r  by 
h yd ro ly sis  under a wide v a r ie ty  o f  cond itions were, however, 
uniform ly unsuccessful* {Em  p#83 -  $7) *• '• trea tm ent of the 
a o id 'pht& olle e s te r  o f  *triphonyX^ethyX phenyl eaxblnol w ith 
a lk a li g irm 9 in n e a rly  q u a n tita tiv e  y ie ld , wcdiua* pnthalata, 
t r i  phenyl methane, and bensaldenyde, The re a c tio n  which 
occurs say be represented • by the follow!nig equation*
rrf' ■
0
♦ (Ph)^CH ♦ PhOHO
Taua, the alkoxyl group, on release from Vm ester, appear® 
to m t i undergone spontaneous decomposition*
It was found that trlphenyl 'methane and benraldehyde 
are produced from triphenylffietbyl phenyl earbinol I t s e l f  
according to the. equatlont**
(F h )  ^ C H ( O I ! ) ? h  — — > ' '  ( F i i ) ^ C H ; *■ >hCHO
Biis decomposition was f ir s t  reported by Bolaere (Bull./Jcicd. 
Boy* Beige, 1850, [3], 2>* » the reaction. occurring in
alcoholic potash# '
f t  has now been shown that the decomposition occurs 
under conditions favourable to ester hydrolysis# the reaction 
la  rapid in alcoholic solution end the rate i s  mot affooted 
appreciably by the addition of water but 1© dependent upon 
alkali concentration. Rapid decomposition ocours also with
sodium eihoxMe In dry bensene a t ■ room • temperature.
(St© p*<?o~e£) #
Several reactions, hare been described previously in  
which dec©ispooitlon of a similar , type seems to occur, elg*
(a) 2 $5*diiaetbyl~3»&exyn«<»215- Ai©1 gives 3~m«thyl~l~butyne- 
3~©1. and acetone when heated with barium hydroaclde, 
pot&salutt carbonate, eolaiu& carbide, &&$&«»lum oxide 
and hydroxide at- temperatures between 125 and
1S0°C. (HABAYAJJ, J . G#n, CUe-;:. ,  U.0.S.H., XS39, 8, 570).
ThiM typo o f eiomrtso la eoaqptlotaly ^ m m l  fm  
te r t ia r y  acely ion ic  c&rblmia* M oies, ium# mpt&*$
m u ,  4 i ,  m i ) *
{%) phonyl e&rbinoi with eonecmtrated
ii^ ii0oaa pQtmh g lre#  ehhppatom aM  .l^mal&ahjrd® as .
w#ll ma.mncloli^ &$!$« u u y 'h J^ J , Co /*&# mnd*, 190B,
im , 2m) * . .
SI C~Si:4W'}m - --- > Cl^ CH + ?3lC?K>
ip- iJ
Co) f r lo h ld ro m th y l tsothgOL © arblm l w ith aqueous al& ali
gi^es'-sootaleltl^'cla and cm4.mn monos Mo as main pmdr 
togothax* t» 1th fojmie ©sad lactic ©olds* Ja alooHoiic "
: solution ®ntf & assail quantity o f  eafbon taomxlda is  
fO'nxatl» C>:0'}.:'!i.4ivi% Monatsch., ItOS* £St -$83)« ■
Tho toralo aoM la piwuMbly pa*oduo@d liy hydrolysis •' 
o f  ttm  which wouM othotwiso haw been
p*odueeA«
CX ,^€vt '*+' MeCHO
EOOC.CH(OH)Me
(&) Dlacetom alcohol Is doeoiaposod ■ in the presence of 
aXbali, giving two tm>'lm\xlm of ace tom «
I t  Is  in te re s tin g  %o note th a t .the l a s t  csmfciomd 
reaction ia.ravoratbX#f and that t!io trichlorom©thyl e&rbinola 
may ho prepared hj c0aAens&tlo& o f chloroform and: the 
correspond Iris aldehyde* mains caustic potash as catalyst in  
the m tm m ^  o f hydroxyllo solvent® *
*£bm th© reaction seems to bo quit# general and to 
depend upon th© prcssnca In the oarblml mioeulo of a 
substituted 'raothyl group, the safestltuents of whieh are 
3 trongly c Xoe tro& afci mo t lng ♦
This view is  supported by the fa c t  th a t  c e r ta in  
lea tones contain ing  tbs sasto i  jp® o f group u n d e rg o  a s im ila r 
cleavage on treatm ent w ith a lk a l i ,  e»g*
U ) &&Y h E0332TX0, U*Cr&«Cheffl«, W m $ 40, 230), describe 
th e ’ cleavage o f d«*disjefchyXa.alne-*4 14*dlphenyXboptaa«3*oc0 
w ith potassium hydroxide in  tr ie th y lo rn  g ljco  1 a t  220 C
n
o
a *
i i
H— C — 0 - C „ H e 
I o ^  -’ 
F h
Me
{$:©) 8 -  cm * ch -
O &
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{ ,! Aromatic' p Ik*os>lanes »lth slcohollo alkali g i«
triaryl Bothams and an' acid, (BjCCBSAS.I, J.A..C.3.,
1.327, 49, 250). .<.■
a,C.C0:i  » + BCOOH
fe) Chloral with aquaon* alkali g&ras ehlorofbra &M 
f o r a l e  & c ld «  ' ’
the abactions my be formulated as follows
(a) , alcohols
(*£} li
I . .
ci.-’v 0 ™ 0 . \  IkCii'U'
O I *-*
H«CH
(b) h#toass
H
o 2  5
E,.,C —  C +  ■ ' •■ OH f = *  • II^C — C —051 
O || ”  I -
■ -0 ■ . 0
( * ) f  _ - n ■ ■ ■ ■
fUC —0—OH ==2 H,c + C—OHW I W II
o * *  . . 0  •
i ( f  ■ +■■■ H O ■ — > KGn + OH
s im ila r ity  to  ilia ’aeict* hydrolysis o f  p>~ koto -® a tors* 
th is  l a t t e r  re ac tio n  Is presumably too rovers© o f the 
o r i s lm l  condensation' which gives r is e  to  the/3-k©to~©sier,
the accepted taechanlsa fo r which Is  formula tod a# follows?
ChhCOOKfe . + I to CB^OOOEt H- ,Cl if* V f *
Kl„—S 4- CE„C0QKtO i <6
OSt
O'dL —C—OH-CO 0'S tO | *'■
■ : OEt
m .  o '
C — C — CHnCOGEt%j |
OEt
^ - C - O I I ^ C O O E t
In ' th is  re ac tio n  an" Inteicio&lato (*) occurs'which l a  :V 
s im ila r to th a t which occurs .is the suggested sjecVtfmi*3 
for the alkaXlm clmw&g® o f  carbinela and ketones (See p*J9 )
and the f in a l  products"’o f 'too re ac tio n  are Ceter&lnod by 
too d isso c ia tio n  o f th is  eorapleac* The tarnation. o f  th is  
complex in too prepara tion  o f -keto-eater* Is sim ila r to 
the a Idol condensation o f aldehydes and ketones* I t  is  
therefore of In te re s t  to not® th a t  t r  Ipbeny tosthy  1 phenyl 
c a rh im l can be prepared by «m analogous reaction* Thus 
the compound was o r ig in a lly  prepared by re ac tio n  o f  sodium 
tripheny l sac thy 1 with bens&ldehydof (SCKLE1E and 0CH3, Ear*#
■ / i
Thle reaction strongly roseablee Mm form t  Ion of aeetylenle  
c«“'*irrtXa tmm sodium aeotylldee and carbonyl eonpounde 
(J , ,  Ann. mpt*$ i f 44, 41, 165).
0
Thu®, tho formation o f bene aldehyde and trlphenyl 
methane in reeotlonr- o f trlphanyl^iftyl phenol carbim l or 
i t s  derivative* &ppmm to depend upon the: release o f the 
alkoxlde onions-*
Ph
I
? « —€—0 W |
' H
I f  conditions are auoh that the aXfeeirld* ion' is  not roloosed 
then, tti® group rmmXm Intact* This I* Illustrated  by two 
of the react ions o f trlphenyl»thyl phenyl earMnol its e lf*  
{%) In th e'eotorifio«tion  of the oarbinol with phthalio 
oitiydrMo in  the presence o f pyridine, no sign ificant 
sid# reactions occur, the hydrogen phtholio ester being 
obtained in very ‘high yield  (See p«75)* The suggested
ci&cheni nm Tm* m  t e r I f l e a t  ion undo? t t m m  con&ittona 
C 0, -.;!>* ' J *C#3 *# '1040, 0X6) la  th a t  ill# proMnco o f  the
base proaofces loosening o f t l m  p ro ton  from the ccrbinol* 
I t  is  'p ro t& bl« 'tha t t l m  m m l t i n g  e o ^ X c^ 're ac ts  w ith
the anhydrMa by a mmhurdmi s i m i l e  th a t  fo r the
a lk a lin e  hydrolysis f* 1ft r ,  E l e c t r o n i c  ; ’
Theory-, o? Organic. Choirs try* p#X20) m  shown, by ifc© 
follow ing tekcsac*. . ■ - r ■ ■
hOl! f j
S- S+
*  H-0... I*—?y
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tii) TrtpfeoayXmetbyl phonyX ©arblnoX m m is with ethyl
m g n c s te s •.l&dl&o i m e i  att&ek q u  the 'hydrajsyX group 
■ - i&k©c p la e o  w ith  th© l i b e r a t i o n  o f  o tfm nc, P u t th e
carbine*! can t?e rooowr&d unchanged {Seo p*E6)* ■ This
re a c tio n  oust Involve f o r m a t i o n  o f  the faigneeSars 
alcohols I© which bo ©;rpocte& to andergo d lssociat*
-ion th»» 5.
EiH
•There &m$ however, two factors fcftlah tend to provent"' 
th is i o n i s a t i o n •' •’
(a ) ’ the reaction Is carried out In: anhy&ro&s1 other, or 
aniaoleV'a medMa of" low Ionia lag power? ' :; ■
(tO the aleohoX&t© is  sparingly soluble in these solvents#
Since the hydrolysis o f ' t h e ’hydrogen phthallc ester  
of t i^phenyXt'aefchyl phenyl oarbinol In aqueous alkaline mad lorn 
gives trlphcnyl methane and beasaldehyde It suggests that the 
ftlko^ido Ion ooeiirs as an Intermediate in  the reaction, l«e#,
'•Hi • :*
that hydrolysis occurs by ACYL** oxygen f is s io n , and may he 
foFrmlatod as fa lle n s  *-
;■> ■•., r«—i
X. - ■ ,J-,y Vrff 3
A’;,! V V A
mwV4
;00;l
0
Ji frlf, f*:__ A _— £ * 3U- w — « —
fh-Q—0*
• In
H 0< .PhOHO Ph CH5 on
I t  is  p ossib le  th a t  the reac tio n s o f .fcripheny Inethy l 
phenyl c&rbtnol and I t s  hydrogen .phthallo e s te r  are 
e lim ina tion  reactions#  the a l te r a t io n  o f re ac tio n  ra te  
^ i ih  v a r ia tio n  o f has# concen tra tion  in d ica tes  a bi-isoleeula?
mee>t&nl3 iu, and. to  i s  I s  co n s  i s t e n t  w ith  th e  a b se n c e  o f  any 
marked change on Increasing  the ion ising  power o f the solvent 
i.e*  the change fp®m the 'poor ion ising  solvent benseno to 
alcohol o r aqueous alcohol* ( fa  LA tik is , Ann, *iept*«f igm 9 
M* U®)*
<v 1 rv  1
& i.i 0 v v i n,it  ^ I^'l 0—U “h i? 1%,,, Q
k* / m . 011 # 0.ii-t , OFfi *
I
+ 0 = 0  + Fh„o”| o
i t  is  c le a r ,  however, th a t , whether the reac tio n  la a 
displacem ent or- an e lim ina tion , I t  must involve ACYL- 
oxygon fiss io n *
B* hydrolysis by means o f acid#
»-«#«** ~  •— 1 arrtTi yrr ** mrit.i mm i.<»i.i iWrJ iii,   ifrfr.- m- '~‘HMrwrnjmnrM' i w.r.-.giirn-trir
Since a lk a lin e  hydrolysis fa ile d  to  y ie ld  trip h en y l- 
methyl phenyl ea rb lno l from i t s  hydrogen phbhaXic e s te r ,  
hydrolysis by tssans o f icM  *&» a t t e s t e d  and again the 
re ac tio n  proved to bo abnormal* The product obtained was 
tetraphonyl ethylene* The re ac tio n  c le a r ly  involves 
rearrangement o f the o r ig in a l carbon skeleton*
O 1 1 /X4. V  Cf “— W -
[| I ' <*
0 .
£'*
Ic
II 
0
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Reactions o f  coztolnolft inro Ivins jwwrtmgoiaQnU of a sim ilar  
natur® havo'beon reported* e*g*
( | )  2 s2 s5—tris io tb y l propane—X—oX re a c ts  witii a o r tic  acid
to giro t© trees® tbyl othyieno* (* * X« and
Anno Ion, 1924, 4o5# 190)*
1 ,^,0*0HC03)M€iw -> |ii©#^G—C#ROo&**
EoO
( i i )  B t J . A . 0 *S*# 1 9 3 5 ,  £& , 5 B?8 ) ,  o p e n e d  s im i la r
dehydration  aceofiapaiiled by r©axwngo*asnfc * sev era l 
t®tra*aryX etbanal*  In  g la c ia l  a c e tic  acid* ttio r e a c t  ion 
fecing cata lysed  t>y iodine# Amxing; the eoc^oun&a mentioned 
&x*®9 to ly l  e ttan o l?  Xi2?2$2-tefcr&poenyl
c t h a n o l l  t r i p U o n y J ^ t h y l  p h o n y !  c a r b in e X ) ,  10 s X O -dlphot^rl 
cl Biydrop^ioaant&ro 1-9 s
f^l)
V A f ^
f i l l ) 5 RS I,L and Ha®3k
^ sv / rhu
+ H
jf T v /•*0 V -a *•» *W- ■*«*> * , 1942, 64, £83$) f describe
tb.® re ac tio n  o f  fcr Ip h e e y fc ly X  phenyl ca rb in e! w ith
dry liydro^n  bromide in  dry bsnson®, and a lso  wxth 
concentretod sulphuric acid  a t  noon teMporatuu o to  g ive,
in  both cases, high yields o f to tra p te n y l etfcyleno# On 
the b asis  o f  a coxapariean ?#ith c e r ta in  re a c t ions o f jo o -  
p en ty l h a lid es  the authors form ulate the reac tio n
tVvus s -
la  t h& case o f fcr ipheny l&i©thy X pfcenjl c a rb in o l, I t  
has iso© be©& shown (So© p*94) th a t the ra te  o f re a c tio n  Is 
low In aqueous aedlAi in  00* alcohol the y ie ld  of
te trap h e ay l ©thylone was 20% a f te r  s ix  hours a t  BO 0 , w h ils t 
in  concentrated aqueous hydrochloric ac id  the y ie ld  was 50-' 
a f te r  four weeks a t  room temperature* Furthermore, the 
re ac tio n  is  extremely slow in  g la c ia l  a c e tic  acid alone, no 
te traphany l ethylene being produced a f te r  twenty two hours 
on the steam hath*
th is  rearrangement* known aa the Wagner Kaarrangenont * 
has boon shown to  occur only w ith a carboniun ca tio n  or 
ra d ic a l as interm ediate* (bh L& initE, Ann. Hepts*, 1950, 
47,143)* Thus i t  i s  probable th a t ih© production o f  to tra -  
phenyl ©thyIon© from the hydrogen p h th a lie  e s te r  o f trlphany? 
methyl phenyl earb ino l occurs by separa tion  o f a carbonlas 
ca tio n , l.o*  by &UCfL~©xyg©n f is s io n .
Although ther© is  l i t t l e  o r no tendency fo r a lk y l .
oxygen f is s io n  of the e s te r  to  occur in  a lk a lin e  media
(See p*23), th is  to Money may be expected to  increase on 
hydrolysis in  the presence o f  aoM owing to th© form ation 
of an oxonlam ion tehloh can d isso c ia te  w ithout production o f  
ad d itio n a l charges• (BdAUDE, Ann* Eepts#, 1949, 46, 120)* 
the reac tio n  m y there fo re  be formulated as follow#!**
fbuO—0—0 —0*
* | II
' ! f  0
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Ph H'
pH., 0—C---- 0 —0 — Hft*?
0
Ph3 € — 0 — 0 — C-R
0
Fh
Ph,,C—c* -f- H0 -C—R
II
Ph
I*Ph^O— C rh^o^rOPhg + H
That th is  mechanism is  operative  is  not conclusively
e s tab lish ed  by the iso la tio n  o f tefcr&phenyl e th y len e5 the 
hydrocarbon may have been fornsed by reac tio n  of the  carbine 1 
in  the acid isedlasi a f te r  separa tion  o f the • l a t t e r  from the 
acid  e s te r  by a tmohnnimi not Involving the  carbonlua ion* 
The so reac tions do, Itowever, support the conclusions drawn
troa  the resu lts o f reactions In  alien lin e  nedlo , by
I +demonstra tin g  th a t ,  i f  the .carfe-onium ion Pli^C—C wereI
ii
an in te rn ed ia to  daring hydrolysis under these cond itions, 
the product would have been tetraphonyl ethylene and not 
trip h en y l methane and bensaldehyde♦
■29**
Further reac tio n s  o f Trlobenylmothy1 IhonyX Carbinyl
i»i'if. r »«M>T> ^rt*»w*»fc»"‘*fclgf n y 1 *•**•# 'iwdieviNWiiWBivi^ WlflWWW^ Fwl^ ie*** **■“«•
Hydrogen Phthalat©
A* w ith Clrlgnard reagents*
Aii a l te rn a tiv e  saethod o f ob tain ing  alcohols from 
th e ir  earboxylio e s te r s  is  by re a c tio n  of the e s te r  w ith  
Grlgnsrd reagents* Tlie re ac tio n  is  normally applied  fo r
the conversion o f  earboarylle acids to te r t i a r y  a lcoho ls , and 
r e s a l ts  a t the sum© time in  l ib e ra tio n  o f the alcohol o f  t  he 
o r ig in a l e s te r ,  thuss-
A1 OH 4- if* COO >  EttCOOH<
XBC00rtf -f~ ^  li"— G—ii
Iou'
s'i
■> it* , X + 0 = 0
t i ^ C —  OH
Such a reac tio n  has been applied to the iso la tio n  
of an o p tic a lly  a c t iv e ' te r t i a r y  alcohol? jq ZxxltId and ££2&> 
(J.A.C.&*, I 94fi, 701 3930), describe the Iso la tio n  o f
3!5-d lr.®t!ijX-hexatie-2-a X trom  i t s  hydrosea phthalio e s te r
by th is  method*
The reaction of triphenylraathyl phenyl earblnyl 
hydrogen phthalats with taathyl o r ©thyl aasnesiusa iodid© 
proved to be abnormal am  gas® tatraphanyl e thy Iona.
11-sore are four possible Eieolianiaas for the reaction 
of Orignard reagents with esters (HAUasu, aAFjsitaTKlN and
X’.h/j^ sa, i«AtC<3«f 70j
%  —x K —  Ha'
! ^  f
0_
^  oa"
<*> <JX)
' 0  >  * f £ ?  X  X ______  *■* t * _____&jj  |  'MW* At &
•  0 0
o —  ,f" x l -<rlC 0 C 0
U I I )  CIV)
Cl) i s  the *noraaX* re ac tio n  giving t e r t i a r y  alcohols 
as described above*
( 11) re s u l ts  in  e lim ina tion  o f KH and condensation of the 
re su ltin g  magnesium, enolate with onreaeted a s te r  by 
a iaecbaniss s im ila r to the form ation of acetoaeetle 
este r*  1*@« by C laisen condensation*
f i l l )  a f te r  form ation Of the  ©Ster—.FigX Complex, a ttack  OH
H?* brings about a d lsp laeeoont re ac tio n  w ith formation
CIV) w ith the earbonyl group o f the e s te r  hindered by
s ta r ia  e f fe c ts  in  the group B.% leagmsiua co-ord inates 
w ith the ©XkoxyX oxygon atom* 3ubsequent a tta ck  by 
the group a as an anion on the /3 hydrogen a toss, re su lts  
in  an e lim ina tion  re ac tio n  w ith  the production o f an 
o lo f lm  and the coiapotiM KB*
H a moaifcyl
i t  has been shown th a t  trlphonylmethyX phenyl ccrb lno l 
can bo recovered unchanged a f te r  re a c tio n  as an a lcohol w ith
o f a hydrocarbon and the magnesium s a l t  of the acid 
e.g* I t  If 1- tripheny l ethane Is obtained from 
trlpherylm etftyl acetate*  (FlSSEii and BkT&vs,
1* »A.«C *3 *, XSMI3  ,  6 4 ,  b*73 )
©*$* l*£*diphenylethyl saosityl car boxy la  to gives
IfS-dlphenyl ethylene* {HAljaars, SPPSasfhll, 
SHlVHriS , lo c . c i t . )
•OO-C € HI IH I!
i^m^y-^ iWTyfrrirTirif" jirTT ir”iirTT"i)irTf-iH (~iTiiifi~'nrr*riirrmr— r —limrimir'
O rigm rd reagents (Dee p*$6)# I t  Is therefor© Inprobable 
th a t the ca rb ineI i s  produced daring  the re a c tio n  o f i t s  
hydrogen p h th a lle  os t e r  w ith those reagents • Thus, i t  
mast be in fe rred  th a t the form ation o f tetr&phonyl ethylene Is 
das to  a mod® o f  re a c tio n  s im ila r to  th a t out lined  In scheme 
IV above *
In tr ip h en y las th y l phenyl ca rb iny l hydrogen phfcbslat© 
the carbonyl group Is  p a r t ia l ly  hindered by the s te r ic  e f fe c t  
o f the ortho carbonyl group?' furtherm ore, th© s to r le  e f fe c t  
nay be Increased by the conversion o f  th is  carboxyl group to  
u t e r t i a r y  a lcohol group da© to re a c tio n  w ith the O rlgnard. 
reagent* Thus* conditions are such th a t rascha&isia I?  o f 
Hauser # Supers to In and Shivers say operate*
C o-ordination o f  magnesium w ith the alkoxyl oxygen 
w ill  b rin g  about e lec tro n  withdrawal from the alkyl*oxygen 
band# This, together w ith electron, a t t r a c t io n  by the phenyl 
groups, w il l  considerably weaken the alkyl^oxygen bond and 
promote f is s io n  a t  th is  point# The sam© e f fe c ts  w il l  weaken 
the earbon~hydrogon bond and render the hydrogen atom 
av a ilab le  fo r ethane fo rm tto n *  Tfm re ac tio n  may b©
formulated as follows* ( fo r  convenience, re ac tio n  o f  th© 
free  carboxyl group is  ignoreds i t  i s ,  however, c e r ta in  th a t 
sets© re ac tio n  w il l  take place a t  th is  p o in t, probably before 
the e s te r  grouping is  a ffected )#  (See p*99).
Ph l'h
f/^COOSgX I I
Kt ft ■+ C=C
QQQn Ph Ph
' Hauser# saparstoin, c53:1 S tivers s u g g e s t  that i t  i s  
rsoeaasary f o r  hydrogen to he a t ta c h e d  to  tho fi> cartoon atom  o f  
altawyl group f o r  mechanism (IV) <« o p e r a t e .  to  su ch  
toydrogoa atom la p r e s e n t  i n  trlphonylaothyl p h e n y l eortolayl 
hyd rogen  pfcttoalat© end y e t  a n  o le f in ©  I s  produced, Indicating  
that ea c h  a  h y d ro g en  atom l a  n o t  e s se n t ia l. In  o t h e r  w o rd s , 
r e a c t io n  c o u ld  taSte p la c e  by mechanism ( IV)  lrarolvlng en 
0 ( - o l l s s l f t a t io n  accom p an ied  b y  rearrangement as w ell as by 
the saore usual /S •elim lnatloa .
B, soi.woiytte-£ M cy em u
n »  r e a c t i o n  o f trtphenjrlnethyl ptoanyl cartolnyl 
feydrogoa phtholats w ith formic end ac e tic  acids gives totru- 
pnonyl ©thylorn, the reac tio n  w it h  a c e t i c  acid  occurring **& * 
in  the presence of w ater. ffliie Is in  accordance w ith  the 
e x p e c te d  conditions fo r  the occurrence o f olkyl-oxygea 
f is s io n  in  r e a c t io n s  o f th is  type . ‘Atuis, i t  tans been
m *, #,i t r* « 55^) th a treported U -« xuh e t  e l ,  » *'-“v v
Whoa© e s te r s  hydrolyse by alfcyl-oxysen f is s io n  give wcemic 
acetates sad formates when th eir  hydrogen phthollc esters
01*0 h©at©d w ith  a c e tic  and fom io  acids respectively*
A cetic ac id  was found to  ho tho loss ac tiv e  o f tho two 
reagents# I t  was a lso  fount! th a t ,  i f  r o c c t ian fa ile d  to  
occur in  tho ahhydrou* solvent©, i t  frequen tly  occurred 
whan w ater was added, i.o*  when the ion ising  power o f  the ' 
sedtusa was increased# (&2&$£0& o t el* J*S*SS*, 1943. 790)•
The Ib raa tto n  o f  tetr& phesyl ethylene from triphenyl** 
ssethyl phenyl ca rb ino i I© known to occur in  ac id  media* Tho 
occurrence o f " Um earhino 1 daring  tho form ation o f tetr&phenyl 
ethylene from tho e&rblnyl hydrogen ph th a la te  in. tomlo or 
ee$f*e acid® I s ,  however, un like ly  on tho follow ing groanda'
(a) Tho carbineX can only ho produced from the ©afcor hy \
* i
hydrolysis#  This is  a ©lost process oven in  strong ly   ^
mM  madia (So® p«87), ©si is  there  for© un likely  to  IL 
occur in  fo m lo  o r a c e tic  acid®# ' i Sa
(b) The formation o f  te trapheny i othylom  from the earb ino l Cl$
la  o e a tlc  eoM e lsae  m s  found to bo verjr slow} rscchmnn*:* n
C«l*A*0*3*f 1933, 53, 58B?), rep o rts  complete eorveralon  , 
in  om  hour in  the presence o f  iod ine, b a t no reac tio n  
occurred a f te r  22 boors in  tho absence o f  iodine*
(See p*94>*
/
(c) The re ac tio n  o f tho carbine 1 In  so ld  modi® to  give 
te trapheny l ethylene 1© i?nown to I© re ta rd ed  by the 
presence o f water* (of* p*£&)«
I t  seersa probable th e re fo re , th a t re a c tio n  of the
c srh in y l hydrogen ph th a lc te  w ith  fo m ie  o r a c e tic  acids occurs 
by ©operation of the e&rboftluxs Ion which rearranges before i t  
can combine w ith  ta ro sto  o r ace ta te  ion*
Enactions o f  a s im ila r nature are known to  occur in  
methanol and ethanol w ith the form ation o f  the corresponding 
a lk y l ethers*  ' (aMMQH # t si* 1948, *708) • ho re a c t id
v  »g.ii iibtKi ~
occurs w ith the hydrogen p h th a llc  e s te r  o f triphenylm ethyl 
phenyl ca rb ineI ,  and th is  is  co n s is ten t w ith ,
(a) the aim H e r tendency for m th & m l  and e thanol to  re ac t 
in  th is  manm rs {iiKlfioi o t a lt loc* oit*)
(b i the sm aller tendency toward alkyl~exy$on f is s io n  of the 
e s te r s  o f irlp h e  ny lira thy 1 phony 1 carbine X as p red ic ted  from 
I t s  s truc tu re*  (See p *14)*
That the re ac tio n  occurs w ith formic and ac e tic  acids is  
probably due to the increased tendency fo r alkyl-osygon 
f is s io n  o f carboxylle e s te r s  in  acid  used leu (See p#27)*
fh
h
?h-, c—or
I
Ph»C=C«:h.
• id
H
0 , w ith  Lithium hhvr&niiES Hydride»
The mo o f  l l t h t e t  aXminim  hydride fo r the 
is o la t io n  o f  an o p tic a lly  ac tiv e  t e r t ia r y  alcoho l from i t s  
hydrogen phth&XtC' e s te r  te a  been described by DOSHXHd and
applied  in  a p a r a l le l  ea rner fo r the Iso la tio n  o f  the op tica  11$ 
ac tiv e  forms o f trlph& nyloethyi phony 1 carblnol*
R etention o f  o p tic a l a c t iv i ty  in  the alcohols 
c le a r ly  in d ica tes  th a t cleavage o f the e a te rs  has occurred 
a t  the &esrl«»asyS6B bond* This suggests th a t  the re ac tio n  
stesha n t am is  s im ila r  to' th a t o f ttie b ln o lecu ls r a lk a lin e  
hydro lysis o f e s te r s  (Bee g u l) , and i s  there fo re  co n s is ten t 
w ith the nioeh&nlm proposed fo r o ther re a c t io n s 'o f  lith ium  
aluminlusa hydride# e«g* fESfOf and BKOxH ( < J 1949,
Vi, 16*73> have Bhmn th a t reduction  o f  1 i2»diraathyl*ls2~©po;?sy*
■wajfcoww -
eyel0~penta.ne (e tc  configuration ) gives trnns diraothylcyelo- 
-pontanol* flies# authors th e re fo re  suggest th a t the 
re a c tio n  involves a tta c h  by aXa^lno^bydrl&e anions re su ltin g  
in  inversion  o f con figu ra tion , l.o*  u himolecalm* dlaploccn^nt 
ihus*~
\ /  \ /
c\  -
| p  0
H^alH....................C  > H,.,/il -r H-C
th is  reagen t has now been
/ \
e ls
/ \
irons
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I t  has boon shown (Soo p • 23) th a t s lim lin e  
hydro lysis o f the hydrogen phfchalle e a te r  of trlphenylxiefchyl 
phenyl oarb lnol probably occurs by & s im ila r mechanism but 
r e s u l ts  in  f is s io n  of the &X&oxyl group to  give bens aldehyde 
and tripheny l mthum* .Ilia re ac tio n  of th is  hydrogen 
p h tM lic  © star w ith lith liM  aluminium hydride, th e re fo re , 
appears to  Involve m m  fa c to r which prevents cleavage of 
the alhoxyl gfoup •
Although the  re ac tio n  of the hydrogen p'hthall© e s te r  
of • fcripbenylsaethyl phanyX earblxsol w ith Grlgrmrd reagents 
takes an unusual course, cleavage o f  the type mentioned above 
does not occur as might have been expected? by comparison 
w ith o th er anomalous reactions of Orl&nard reagents I t  seems 
th a t those reac tio n s Involve i n i t i a l  eo -o rd ination  o f the 
magnesium atom with the aXkoxyl oxygon atom (Se# p*2<*- 33 ). 
Furthermore, reac tio n  o f the carbine! with Grignard reagent 
occurs normally, the carbine1 being recovered unchanged* 
&gain i t  seems probable th a t co -o rd ination  of mgneslum with 
oxygen occurs.
these re su lts  suggest th a t re ac tio n  of the hydrogen 
phfchaile e s te r  w ith lith ium  aluminium hydride tokos place 
by I n i t i a l  co -o rd ination  o f the oion ino-hyd r Ide Ion with the 
alfeox# X oxygen, followed by displacement a t  the carbonyl 
atom according to the scheme*
The hydrogen p h th a llc  e s te r  o f  tripheny lae thy l phenyl 
carbtno'1 in  n e u tra l, aqueous a lco h o lic  so lu tio n  fa ile d  to  
re se t w ith sodium g«* toluene sulphlnote* Even a f te r  a period 
o f  Bis months no p re c ip ita t io n  had occurred, and the acid  | 
e s te r  was recovered unchanged* ;
Of the reac tio n s o f  carbexyllc  ester® which racy bo 
used to demonstrate the occurrence o f  slkyl^oxygen f is s io n , I 
the most .general appears to  be th a t  w ith p - toluene su lph in lc  ! 
acid  re su ltin g  in  the form ation o f  £~ toluene sulphones • ,
(See p« iZ'h The absence o f  re a c tio n  in  th is  case, th e re fo re , 
servos to confirm the conclusion th a t the e s te r s  o f 
tripheny lm thy 1 phanyl ca rb ineI show l i t t l e  tendency to  reac t 
with alley l~oxy@e& fission*
Although the tendency to re a c t w ith alkyl^oxygen 
f is s io n  is  increased fey reac tio n  in  acid  media (See p*l7U 
the acid  e s te r  in  formic acid  so lu tio n  contain ing  sod t o  
p«toluene sa lp h ln s te , gave only te irap h sn y l ethylene* I t  
Is p o ss ib le , th e re fo re , th a t no carbonlun ion e x is ts  long 
enough to  r e a c t ,  even w ith an anion o f such high co-ordinating 
power as the su lp h lra te  ion* This experiment tend.® to
Confirm tho suggestion (HMJ3SB, J*luG#3*, 1942, 64, 2653) 
th a t rearrangement is  simultaneous with f i s s io n 'o f  the 
slkyl^oxygcn, bond*
■**4 O'**
Q i j  Q  i j  t ' iX & b  *
An in te re s tin g  deveXopiaent o f th is  in v es tig a tio n  has 
boon the is o la t io n  o f a miaher o f  conspotmds in  which an
o p tic a lly  ac tiv e  fo ra  o f triphonyIsa©thy 1 phony 1 carb iny l 
hydrogen phthalafco occurs in  corah ins t  ion w ith a m olecular 
p roportion  o f so lv en t•
Although there  Ims been such d iscussion  in  re la t iv e ly  
recen t years on the nature ©f isoleeular confounds faraed by
p ic r ic  and siyphnic f ic lls , and j^ ^ tr lrd tro b e n s o n e  with
arouse t i c  hydrocarbons, very few m olecular compounds o f o ther 
types have been described , p a r tic u la r ly  compounds o f a purely
organic n a tu re , capable o f  Iso la tio n  in  th e  so lid  s ta te*
Xh© sub jec t was reviewed by Ui'wiif, (Chon* In d .,
1924, 43, 2181, and a lso  in  acre  d e ta i l  by f PHXPFI3 ,
(Orgo&lseho I©lekuloverbindung, Enk©,' S tu ttg a r t  1927)*
Both these authors describe the same types o f  coopoan&s, 
which include the follow ings- %
( i )  C%OK.IlBr ClijOCIIg.IICl
C!i ,gqgh„ .ifflr c;lcoog,Jv  .ra ?o 3 2 b '
CCH COOK)
3 2
( i l l )  m o = c p 5 -
21 i w ith  CEOX OCX
CX Cl 4
w ith ■ C
fh© compounds o f  typo (1) a rc  formed only from strong 
a c id s , a re  so It*  Ilk©, and can b@ iso Xa tod only n t low 
t&mperaturea t
Compounds o f  typo ( l i )  are not normally very stabl© 
and th e ir  form ation i s  ind icated  i s  the e&rboxylle acids by 
©X@c fcron~diffraction s tud ies in  the vapour phase and m olecular 
weight dote rm im tIo n s• The l a t t e r  y ie ld  h igher values than 
might be e j e c t e d ,  and ar© co n s is ten t w ith  the format ion o f  
double.molecules capable o f  d is so c ia tio n , a*g* (PFHXf'FSri loc# 
olfc *)
e«g* MASS and ( J a .C .S , ,  19X3, 34, 1272) iso la te d
Ci&orCOO&t mSbr, i3♦p.# o© w
I t  Is  row Q o nsra ll, seeapted (iMWrsft, k m ,  s e p ta . ,  1943, 43,
15a)
th a t  th is  a sso c ia tio n  is  duo to the ex istence o f hydrogen 
bonds, the double molecules being formulated thus?*
 1! 0 V
e— c; c— a%
Compounds o f  type ( H i )  are  formed by c r y s ta l l i s a t io n  
from the appropriate  solvent* and. la  ssost cases m elt w ith 
decomposition a t  tem peratures which are  below the  m elting 
poin ts o f  the unsolvated, compounds but above' the b o ilin g  po in ts 
o f  the solvents# Hiey a re , however, re a d ily  decos^xmod by 
heating  a t  CO ■*. loo#0, o r  even by exposure to  the atmosphere 
a t  room temperature fo r severa l day©*
Compounds which are- c le a r ly  o f  a d if fe re n t  charac te r •  
•CiAfHHATis O0^?0dHIBf •  have been described by ? A LI If and 
f 0LELL, (j*c*S ., 1947, SOS) in  which qulnol (3 so ls* ) combines 
with oca ml© o f  the follow ing:* f^S, SCyLCOOE, hgx, 01L 01I,
is**
These compounds decompose a t  tem peratures which are
v ir tu a l ly  independent o f the nature of the v o la t i le  components
e*g* the compound containing formic acid  m elts w ith decodes it*
-io n  a t  160°C| those contain ing  l!03 and 30o decompose a t  H& &
laolting po in t o f  quinol (170°C) • In  some cases the v o la tile  
component can he detected  by sm ell on grinding the  so lid  
compound* X-ray examination o f  the so lid s  shows that the 
sm all molecules o f  the  v o la t i le  components wore trapped w ith in
the c ry s ta l  l a t t i c e  of the qulnol, bu t furnished m  evidence 
o f  the form ation o f  a tru e  ehemloal bond* ■ The c ry s ta l  is  
made ap o f qulnol molecules - joined together by 'hydrogen bonds 
leaving spaces which am  occupied toy the m olecules,of solvent* 
These space® are  cage-like,- so th a t the dimensions o f the 
molecules o f the v o la t i le  component are f a i r ly  c r i t i c a l ;  
thus, the molecule may be too s n a i l  and there fo re  escape from 
the l a t t i c e ,  o r the EioXecule m y  be too la rg e , when i t  cannot 
be f i t t e d  in to  the space availab le#
The compounds formed toy the ethane and ethylene 
derivative®  mentioned in  ( i l l )  above were described toy MOtUilB, 
{y#A#C*3«, 1913, $8, 70S)* th i s  au thor suggests th a t the 
so lvent molecules take up the 1re s id u a l a f f in ity *  o f the 
c e n tra l cartoon atoms* In  o ther words, owing to the- withdrawal 
o f e lec tro n s  toy the phenyl groups, these cartoon atom® are 
re la tiv e ly  poor in  e lec tro n s  and can share those held toy 
compounds which are r e la t iv e ly  r ic h  in  e lec trons?  ©*g* the 
•lone e le c tro n  pairs*  o f halogen atoms in  the h a lid e s , o r o f  
the oxygen atoms o f carbonyl groups* Thus a Weak co-ord inate 
link  can too formed#
Most o f  the so lvents which have been shown to form 
molecular compounds w ith triphenyHi©thy 1 phenyl carh iny l 
hydrogen ph.thalato  are a lso  o f th is  type, furtherm ore, 
compounds which do not con tain  *lono p a i r s 1, ©*g# hoxar 
do not fo ra  m olecular compounds#
•44*
Am ly s is  o f the m olm nM r compounds fo rm d by 
triphenylm othyl phenyl ca rb in y l hydrogen phthalat© shows 
th a t  they c o n s is t. In  most oases, o f  om  iso lo ca ls  o f the ( + ) 
o f (~) aeld  os to r  and one mo lee a le  . o f solvent* The completes 
were heated a t  93 -  100°0 fo r 20' minutes to remove the excess 
Of free  so lv en t, when i t  was found th a t some o f them bad 
equivalen ts much lower' than the expected values as ca lcu la ted  
fo r a I s l  m olecular r a t io  o f  so lven t and ac id  ester*  o*s* 
the aootom  and btm ena eesploxes had equ ivalen ts 55*7 and 574 
re sp ec tiv e ly , {calcu lated  fo r C*4BL*0,*C^!!L0, 556? fo r  
, 5*76) even a f te r  h ea tin g -fo r on© hour a ti>*fc 0a 4 o G
05 «* 100 0, or a f t e r  standing fo r  sev e ra l days, whereits' the
ethylboxssene complex had equ ivalen t 560 (ca lcu la ted  fo r
CL4Hrl^0 * S0H?^ .# §04) .a f te r  hea ting  fo r  only twenty minutes*
Further experiments showed th a t  the ethylhemen© complex
underwent a slow loss in  weight on heating  {See p* //*)♦
Thus a low value fo r  the  equ ivalen t o f  a corap lex seems to
ind ica te  tmm  lo ss o f  so lvent on hea ting , and affords son©
in d ica tio n  o f  ih© s ta b i l i ty  o f  the complex* Examination
o f  the re s u l ts  on th is  b as is  in d ica tes  th a t the s t a b i l i ty
o f  the complexes v a r ie s , not only from one ind iv idual solvent
to ano ther, bu t a lso  from one type o f  so lven t to another*
Thus the compounds formed by combination w ith e th y l sad *
t e r t -b u ty l alcohols appear to be le ss  s ta b le  than  th a t 
contain ing  methyl a lcoho l, but the lose o f so lvent on
-4 5 -*
beating  in  th is  se r ie s  appears to  be le ss  merited than 
th a t which occurs in  the se r ie s  of complexes w ith the 
aroma t ie  hydrocarbons * (See p* nvfl)* However, a low value 
fo r the equ ivalen t o f a complex auay not be due e n t ire ly  to  a 
loss o f so lven t on h ea ting , but m y fee due to the nature o f 
the complexes* (See p* 67 )*
ferhap® the most notable,.and possibly significant 
behaviour of these compound® Is the following* then  acetone 
so lu tio n s  of the {+) and {**) hydrogen phthe l i e  e s te rs  of 
tr lpbony Is*thy1 phenyl oarblnol, each of which, separately,
owould deposit m ed ic s , sup* 118 -  122 C {decomp*), containing 
a m olecular proportion  o f acetone, a re  mixed, the large f l a t  
prisms o f ( i )  e s te r  which separate contain  no so lvent o f 
c ry s ta l l i s a t io n  and have sup# 219°C (decomp*)* (See p # //7 )* 
S im ilar experiments in  bonsen® give the ( - )  e s te r  in  a 
p a r t ia l ly  solvated s ta te , ' the so lid  obtained by rapid 
c r y s ta l l i s a t io n  containing more so lvent than th a t obtained 
by slow c ry s ta ll is a tio n *  these experim ental re su lts  may be 
summarised as follows s
43-
Comporison o f  solvation  o f the o p tica lly  octive forao
of triphany Imethy  1 phenyl cafb igy l hydrogen phthala te
i ju>riiHiTim -— in  ~ r '^ . - i r i i  n< “ if** rw pm or rgbnm-mga** mmrr r 1- .nw r!»< <miw> * »*  . ■*»e*a»»*Wii|i» rugirnw*^  «w »w i».M4»y  >t wn mn» W *riiwa i.im»■■■ ■»- , (l1t - ^  ,w  y  i»-~irr \m
- w ith that- o f the1>|» ' H«r a*w.ti» II aHMi**.ii‘rH<vMW' .)«aW»iWW"ii«e «wnw»
( t )  acid  ester
Solut# Solvent C rystals E*p# Equivalent
{ + ) ao Id
a s te r
Hot 
acetone *
noedtos 118*122*
(doeoiap*)
55*7
os te r
Hot
acetone*
naedlea
( -)
118-182°
(decomp•} 557
<+} and (-)
o d d  e s te rs
■com 
acetone«
prisms
i t )
219°
{dgeo&p*) 500
{+} acid
os te r
Cold
benstne
prisms 140-145°
(decomp*) 570
{-) a d d
e s te r
Cole!
beneene
prisms
<->
140-145° 
{decotsp • 5 576
(+) and ( - )
sold e s te rs
Hot 
hei&ene *
lie ©dies 
(±> 
(ra p id ly )
130*
t&ecotap.)
550
{*) and - {—)
a d d  ©sfcers
Hot
bensene*
needles
(£)
(slowly)
225 
(decamp•}
501
■ uw e m .**  'i j»mr w*»w#»a«*fc> *»*•' mm*1 »>**» i mM ii,WK«)nMr*M|lA*»
■«» .* *M|. ■**iimhwilB
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The marked change in  s o lu b ili ty  o f  the o p tic a lly  
ac tiv e  forms *of the acid  e a te r  brought about by so lvent 
complex form ation is  s im ila r to  th a t which occurs on 
formation o f the mcemie m odification* This suggests th a t 
in te ra c tio n  between on© o p tic a l  isomer and solvent is  s im ila r 
to  th a t  between the (+) and ( - )  acid e s te r s  in  the races 1c 
m odification , and therefor© th a t  the racea ic  m odification 
Is* in  fact* a true  racomic compound* • Three experim ental 
re s u l ts  support th is  suggestion*
1* The m elting p o in t .o f  the ( i )  ac id  e s te r  is  h igher 
than th a t o f  the t-r) o r {-} enantloiaorphs and is
depressed by ad d itio n  o f  the (+•) o r {-) forms* (See *p*tf£)
2* An acetone so lu tio n  contain ing  unequal amounts o f
(-r) and ( - )  ac id  e s te r s  deposits  %tm in ac tive  form, and 
the mother liq u o r remains o p tic a lly  ac tiv e  in  the  same . 
sense m  th a t  of the isomer which i s  p resen t In  excess. 
{See p* m  5*
5* The {+) acid  e s te r  d isso lves re a d ily  in  acetone 
prev iously  sa tu ra ted  with the {-) e s te r ,  and the 
ro ta to ry  power remains unchanged ©von a f te r  standing 
fo r two days* (See p * //7)*
These r e s u l ts  s a t is fy  tho c r i t e r i a  fo r  r&ee&ia compounds 
described by SCKuIISB* A'Da.13* and &ABVEL* (O rganic'Chemistry*
An Advanced Treatise# ed* Gilman# 1947# p*251)*
Sine© the (+•) or ( - )  ac id  os ter© alone form solvent 
complexes# whereas a mixture o f the two# under the same 
conditions {©*g* In  acetone so lu tion)#  forme a racesaio 
compound# . i t  would »©em th a t  the r&cemlc compound is  a 
molecular compound o f  one molecule o f  (+) e s te r  w ith on© 
o f  ( - )  ester*
The p ro p e rtie s  o f known organic molecular compounds 
ind ica te  th a t those can he of- th ree  types*
1* Compounds o f  the p lc ra te  type which appear to he due
to a general e le c tr o s ta t ic  a t t r a c t io n  between 
molecules involving no d e fin ite , ac tiv e  centres# but 
depending upon the strong ly  p o la r  ch a rac te r o f the 
. n itro  groups*
2m Compounds formed by hydrogen bonding* The known
compounds o f  th is  type which co n s is t o f ■ tw o d if fe re n t
molecules appear to  occur in  solution# e*g* in te ra c t-
-io n  o f  CH,.OD with o th e r compounds as in  the 
. experiments'' o f Gordy (So© p* ss) # o thers are  o f the 
bln& locular type formed b y .the simple carboxylic 
acids (See p* **/)• C ry s ta llin e  complexes o f th is  
type are  uncommon bu t i t  has been e s tab lish ed  th a t 
the qainhydroms a re  hydrogen-bonded complex©©
(IltJKTEH# Am*, aepts*, 1946# 45# 148)* A hydrogen-
-bonded s tru c tu re  is  also  assigned to  o x a lic  acid  
d ihydrate , (HOBEKTSOE, J*C*3*f 1947, 149)*
The molecules in  th is  type o f complex must 
con tain  on the  one hand, an ac tiv e  hydrogen atom, and 
on the o th er, strong donor atoms such as oxygon o r 
nitrogen*
5* C l& threte ' compounds, in  which no in te ra c tio n  occurs 
between the two types o f molecules concerned {See 
p * p * i n  those co^ounds the enclosing 
molecule usually  contains ac tiv e  cen tres o f the typo 
mentioned in  Ho* 2 above, in  order th a t a cage-like  
s tru c tu re  m y  be formed*
The complexes formed by triphenylsocthyl phony 1 ca rb in y l
hydrogen p h th a la te  show c e r ta in  d is t in c tiv e  features*  
tu) k marked decrease in  s o lu b ili ty  occurs on form ation o f  
tho lex* E*g* the pure o p tic a lly  a c tiv e  e s te r  d isso lves 
read ily  In  benssene a t  roo'M tem perature, but almost lsnedSafcely 
c ry s ta l l is e s  as the so lid  bens©no complex* This so lid  
red is  solves w ith d i f f i c u l ty  even on heating  (See p# 1,0 }• 
S im ilar behaviour lias boon noted with so lu tio n s in  n l t ro -  
bens ©no, e thy lbensem , and. methyl a lcoho l, although, in  
these cases c ry s ta ls  did not appear fo r  severa l hours*
(b) Ilia molting po in ts  o f  the complexes vary w ith  the 
so lven t, and in  many eases are  higher than the b o ilin g  poin ts 
o f  the solvents*
-5 0  ■*
These p ro p e rtie s  a ffo rd  strong  pm nvm gtlm  evidence 
o f the form ation o f  a chemical bond between the e s te r  end 
so lv en t, md i t  Is  possib le  th a t  th is  is  a hydrogen bond 
since the hydrogen atom o f  the free  carboxyl group o f the 
ac id  e s te r  appears to be involved in. the form ation o f the 
m olecular eo^eunda* E ^ p o r to n te l evidence fo r  th is  v ie s , 
i r & a  follows?
1* fre a tso n t o f  an abso lu te  e tbano llc  so lu tio n  o f  the  C+-) 
o r  ( - )  acid  p h th a lis  © star w ith dry hydrogen ch lo ride  
r e s u l ts  i s  the e e te r l f le s t lo a  o f the free  carboxyl group* 
th e  ( + ) and ( - )  n eu tra l os to rs  bo obtained had id e n tic a l  
so I t  leg po in ts  m d  the roe I t  log po in ts  w r e  not changed' 
by r e - c ry s ta l l l s a t io n  o f these e s te r s  from acetone o r 
alcohol* . these  o p tic a l iaoroers showed no signs o f 
decomposition on m elting, and a mixture o f  the  two had 
a lower s a l t in g  p o in t than th a t o f  e i th e r  isonor alone, 
in d ica tin g  the absence o f racoonte formation*
0# The product obtained by th e  in te ra c tio n  o f  e th y l mgnoalnm 
lodl&o and an e th e re a l suspension o f  the («*) hydrog&n 
p h th a lie  e s te r  was o p tic a l ly  a c tiv e  and n e u tra l in  
character?  moreover, i t  s a l te d  w ithout v is ib le  doconposit* 
-Ion#
the  absence o f  ac id ic  ch a rac te r in  th is  compound
indicate® that the free carboxyl group lias been 
modified by reaction with the drigncrd- reagent, bat 
t h e  original ester group appears to have remained, intact, 
sine© alkaline hydrolysis of this compound give® triphenyl 
methane and ben&aldehyde together, with a small proportion 
o f  an unidentified acidic substance. (So© p*«e©5*
fh© barium s a l t s  obtained by n e u tra lis in g  acetone
so lu tions o f the {*) acid  e s te r  end o f the (+) acid  e s te r  ';|
w ith aqueous baryta bad each the saoe e r jp lric c l compos I t -  j
♦Ion* Analysis indicated on© molecule o f  s a l t  In  ||
combination filth  two molecules o f acetone. jji
Evidence is  given above (See p.*5’) which suggests r
th a t racemeto format i e n occurs in  preference to  the |
form ation o f a so lven t complex# I f  th e re fo re , solvent | 
complexes are fo rced , i t  suggests th a t  compound formation: 
s im ila r to th a t In the racerm te is  not possible# Thus, 
as both the o p tic a lly  ac tiv e  and Inac tive  bar tea  s a l t s  
are so lvated  to the- same e x te n t, i t  follows th a t compound 
f o m m ,tion  o f the type occurring  in  the e s te r  racemeto 
has boon prevented* Since such a simple m odification 
( s a l t  formation) o f the carboxyl group brings about th is  
change, i t  is  c le a r  th a t the presence o f th is  group, 
unmodified, is  an Important fa c to r in  e f fe c tin g  complex 
form ation by the o r ig in a l cold ester*
)i
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Tbc* £&©!» £h© bct'rS.otKi s filts  con tain  co*-sdS.H€)<I
so lvent m y  b© <&t© to so lv a tio n  o f the m etal atom; there 
•is, however# a fa r th e r  p o s s ib i l i ty  to consider.
p
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2>,0 hydrogen atom H * ls  to  the neighbourhood o f tho electron- 
ofctroeting phenyl groups, and w il l  therefore be sore aetoic  
than a a ia i l c r ly  placed hydrogen atom to  say, e th y l hydrogen 
phthalate. Thus I t  raoy ho capable o f hydrogen bond fo m it  ion
(raarstt, Am. Kept... m e ,  43, 153). Thia hydrogen atom la 
a lso  p r e s e n t  t o  th e  e th y l n eu tra l e s te r  (See p.*>)» but i t  
is  possib le  t h a t  th e  s ter ic  e f f e c t  o f  th e  e th y l group prevents
c o -o r d in a t io n  of a solvent solocale fit this p o in t.
0
'Kie diagrams suggest th a t th is  otorio e f f e c t ,  I f  r e a l, would 
not arise  when n bar tea otosa occupies a s im ila r p o s itio n .
In connection w ith tho possib le  portioipatlon  o f 
th is  second p o te n tia lly  ac tiv e  hydrogen atom, i t  is  to terest-  
-tog to Caspars another se r ie s  o f  unusually s tab le  noxeculcr
C02&POOT&S «* th© CHQLEXQ AC1D3, (P ieae r and F ioser, *Th© 
Chemistry of. He to r a X products isolated to ,
Ifew York, 1949, p.IXS)* %©«* BoleeaX&r compounds ere 
formed to  a IJbslted ex ten t by cho lic  ©eld (1 ) , end to © 
greater osteat by desoxycholic acid (12)*
OH
COOH
Oh
OH
COOH
The cosap leases m y con tain  any o f  the a l ip h a tic  earboxyllc 
a c id s , a lcoho ls , e s te r s ,  e th e rs , as w ell &a phenols, aromatic 
and a lip im tie  hydrocarbons * a l l  these being re fe rred  to  as 
the AC'M* ic constituen ts*  Qm 'm  local© o f desoxyehollfe acid  
say ccfiabin© w ith 1, 8 , 3, 4, 0 , o r  8 molecules o f fcb® acholic 
co n s titu e n t, the nutsbor being dot©mined by the ao l^ c a le r 
dimensions o f  the la t te r*  The m elting p o in ts  o f  many o f 
these compounds are hlghor than those o f  © ither co n stitu en t 
and In some eases the eoopoonda can bo re c ry s ta l l is e d  from 
alcohol* .
In  the cho lic  acid  and desoxychoiic ac id  molecules
there are p re se n t, not only a enrboxyllo hydrogen atom, but
a lso  the  p o te n tia lly  a c id ic  hydrogen ©tom o f  the  hydroxyl 
*group ^ 01! |  those 'am c lo se ly  associa ted  sp a tia lly *  As 
w ith the hydrogen ph tha llo  e s te r  o f trlpbenylsiethyX phenyl . 
ca rh in o l, complex form ation I t  in h ib ite d  by © s te r if ic a tlo a  
o f  the carboxyl group, but not b y m lt  formation# flfm choleic 
©cids, however, d i f f e r  from the m lecnl& r compounds o f  
triphenyImothy1 phenyl earh lny l hydrogen phthalat©  in  th a t 
the molecular composition v a rie s  w idely, being dependent 
upon tlm m olecular dimensions o f  the acho lic  constituen t*
The only evidence welch might suggest hydrogen-bonding 
involving the hydrogen atom o f  the alftoxyl group in  the- acid  
e s te r  (Sac p* «>) is  the so lv a tio n  o f  the barium sa lts*
Although the na la b o u r in g  phony 1 groups w il l  undoubtedly 
l-m rm m  the a c tiv i ty  o f  th is  hydrogen atom* there is  l i t t l e  
chemical evidence th a t  the r e a c t iv i ty  i s  high (Be© p*p*l6>>oc> i 
and th e re fo re , form ation o f  an In te ro o lo cu la r hydrogen bond 
a t  th is  p o in t is  unlikely*
Th&t the complexes may be due to  hydrogen^toonding is  
co n sis ten t w ith the known p ro p e rtie s  o f  the so lven ts concerned 
w ith the  exception o f boras one and i t s  deriva tives#  The 
tendency fo r a so lven t to  a sso c ia te  w ith a so lu te  by hydrogen 
bonding has been most c le a r ly  demonstrated by examination o f
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infra-red absorption specfcro o f  so lu tion s* Xhe method 
depends upon, the fact that the frequency o f the Infra-red 
absorption band o f  a group a«*H Is lowered whoa the 
hydrogen u t m  Is Involved In hydro g©n~fe®n& format ion* 
f lr n s ,  OQM>¥, ( I 1* C hesu P h y s i c s ,  1 9 3 9 , 7* 9 3 ) ,  u s in g  th e  
characteristic  -OD band'of QlhOO in various so lvents, showed 
iliatdotitorius^boMs were forcted with ketones, e s te r s , ethers 
and. Riaim«# fti® band frequencies in these solvent types 
vmm found to bo lower than those in and hromoben&ena *
The frequency o f the ~0D band in. those two solvents was very 
near to the frequency o f  the corresponding band In CHgDOD 
vapour i f  mm Bosschleter, *f* Chea* Physics, 1937, 5 , 092)* 
Liquid CffgOB sliowed a broad association  band at a much lower 
frequency* fh® frequency o f the **0B band In ben&ene vms 
therefore taken to bo ch aracteristic  o f  t m © Gi%oi> molecules 
in  solution* Thus i t  was assumed that no doutorium bends 
were formed with bensen®. I t  is  Interesting to note, 
however, that the frequency o f  mo «QT> absorption band in  
beasens is  s lig h t ly  lower than that in  CKgDOb vapour (See 
table)* th is  may bo duo to a s lig h t tendency for the 
alcohol to associate with the solvent*. The same author 
(ib id* , 1940, a, 170) has shown that an increase in the
im.i. ’?&*$*. *!*•. * «***»■
base s tren g th  o f the so lv en t, increases the s h i f t  in  the 
-OO absorp tion  band ind ica ting  an increase in  the s tren g th  
o f  the hydrogen bond.
Frequencies o f the -01) Infra*red  Absorption Band
■varwarn^ifrt n «» «■»*. ^ 'WUWfw*^>w)niw«frtkW*'.'iw«A * utWM*» <>» ■»m»v>.m» > ^ . .^ * 8
(Sordy, J * Chom* Physics, 1929, 7 , 93)*
liq u id  C%0D
OUgDOD vapour
OH,, Ob i n  B o m o m  o
in  Bromhrnmom
-12494 cm * 
2721 cm''. 
£561 era'1. 
2381 cs"'.
in  Hitrobe as en$ 2353 esj"'.
in  Ac©tons 2 5 8 4  c m -/*
in  D iethyl Ether 2501 era"'.
Forth©!* ©videnee e x is ts  fo r the view th a t the 
bensene nucleus is  capable o f co -o rd ination  w ith  e lec tro n - 
d e f ic ie n t atoms o r groups, probably because of the 
e lec trons o f the unsaturated system* thus
(a) pSftAR, (E lec tron ic  Theory o f Organic Chemistry,
Oxford, 1940, p • 1S95, po in ts out th a t w h ils t no 
substance is  known to be so luble In anhydrous hydrogen 
flu o rid e  unless s a l t  form ation can be p o stu la ted , ye t 
benset* does d isso lve * • The re ac tio n  i s  represented 
as follows ft-
1*0-' ■E F
(b) I t  has bean shown th a t arom atic hydrocarbons are more 
so luble in  aqueous s i lv e r  u ltrat©  than In  w ater,
{A m ,cm  and ji%KFEh$ JUJUC.S#, 1049, 71, 3644), and 
th a t the s o lu b il i ty  Is co n sis ten t w ith the form ation 
o f  two complex io n s t-
+ +•+■
(Ag«Ar) and (Agg«A*)
a t  = a rotaa 11c' hydro carbon
The authors suggest, from analogy w ith s im ila r  
behaviour in  the  a l ip h a t ic  s e r ie s ,  th a t the complexes
are 6m  to co-ordination o f  the aromatic nucleus* with
the s ilv e r  Ion In such a that the la tte r  Ilea 
out ©id© the r in g , ana e q u id is tan t from each carbon
atom*
(c) Comparison o f the u l t r a -v io le t  absorp tion  spec tra  o f  
Iodine so lu tions  has led to  the conclusion th a t  ac id -
basa In te rac tio n  occurs between lodina and aromatic 
hydrocarbon®. (bKTigX and vau>E&HAf*D, J.A ,C .3*f 1949, 
71, 2703).
/ +  -
10 ■+■ A,r =^± $ r l . l
«*
(d) Trlphenyl in© thane, a eo&pound containing an active  
hydrogen atom, c r y s ta llise s  from benaeno with one
.m olecular p roportion  o f so lv en t. (HAdXJu&Xand Ttf0&\3, 
<J*0,S*t 1S06, 89, 1016). th® m olecular cordpoursd, 
however, is  m l  s ta b le  a f te r  removal from contact w ith 
the so lven t.
Assuming th a t the so lvent complexes fom ed by the o p tic a lly  
ac tiv e  forms o f trlpbenylm etbyl phenyl ca rb in y l hydrogen 
ph thala te  are due to  In to rrnolo c a ls r  bydrogon-bondlng Involving 
the carboxylic hydrogen atom., a te n ta tiv e  explanation  is  
possib le  fo r the  absence o f  such complexes in  the racenic 
m odification* The acid e s te r  molecules alone may a sso c ia te
*•59**
by hydrogen-bonding o f the carbonyl groups and e x a m in a tio n  
o f th ree^ d isa en s lorn 1 nod©I s  o f the compound Ind ica tes th a t  
i t  is  necessary fo r  the triphenylm ethyl groups o f  adjacent 
spo loca les  to  l i e  in  d i f f e r e n t  planes In order t h a t  the 
molecules may ap p roach  s u f f ic ie n tly  c l o s e l y  fo r  h y d ro g en -  
b on d in g  to  become p o s s i b l e .
In  diagram X., two molecules o f  d if fe re n t  configuration  
(m irror images) are represented,, linked by the type o f  
hydrogen-bonding known to  e x is t  in  carboxylic a c id s . Ttm 
triphenylm ethyl groups are  not shown, but are attached to 
the carbon atoms ( C ) and : 0 : •*
At the triphonylm etbyl group- is -above the plan© o f
th e  paper#
At G j the t r iphenyI m thy 1 group is  b e lm  the plana o f  
the paper#
Diagram  1 .
Such a system m y tw attached loosely  to o ther s a i l e r
systems a t  e i th e r  end by C-H-0 bonds and m y  account fo r
the form ation o f a r&cessate*
Diagram 11 below rep resen ts  two molecules o f the
sago configu ra tion  arranged, r e la t iv e  to each o th e r, In  a
s im ila r manner to those In  the previous diagram.
D iagram  I I .
In th is  case, a sso c ia tio n  of the e&rbosyl groups by hydrogen* 
bon&lng 'soaM d i f f e r  considerably , but mxy occur m  shorn by 
the do tted  lin e  &b* This would tend to produce a more open 
structure which could conceivably be broken down by so lvation  
of the carboxyllc hydrogen atoms morm e a s ily  than the s truc tu re  
shown In diagram X# !
T hli hypothesis, i s  e x p o r te d  by experiments which 
show th a t the in ac tiv e  e s te r  is  associa ted  l a  so lu tio n , 
whereas the o p tic a lly  ac tiv e  form behaves normally* In 
these cxporinents {Sm p* «»«* ) tlm choice o f solvent fo r the 
determ ination  o f molecular weight by the cryoscopic method
0 :c=o.
a
was severely  lim ited  by the follow ing f a c to r s *-
(a) the low s o lu b ili ty  o f the r&comat© end aolvont complexes
(t>) both forms o f the os to r  mm insoluble in  so lvents which j 
ffQUld not bo ©spected to fo m  complexes, e*g#' eyclohex&no* j
S
!
llio second fa c to r  could not be overcome, and the d© torm inations I 
wmm mad® in  n itrobenzene. the re s u l ts  ©how th a t the degree 
o f a sso c ia tio n  o f the racemet© is  com paratively small* Since 
the o p tic a lly  ac tiv e  e s te r  w ill/ fo m  a c ry s ta ll in e  complex I 
w ith the  so lv en t, i t  Is possible, th a t d is so c ia tio n  o f  the 
m cm at®  has been brought about by so lv a tio n  o f ‘the co n stitu en t ; 
e a te r  molecules * th a t  th is  so lva tion  can occur la  ind icated  || 
by the fa c t  th a t 'th e  p a r t ia l ly  so lva ted , o p tic a lly  Inactive  j 
b s io r  is  produced by rap id  c r y s ta l l i s a t io n  from benzene 
(Sea p# 118 ) * ;
An example o f molecul&r compound form ation dependent ! 
upon configu ra tion  and th ere fo re  s im ila r  to  th a t  described 
above is  recorded by LSflHS, {AnnaIon, 2S32, 495, 41}* |
lo le c a la r  compound form ation between two compounds o f  the J
s te ro l  group was da lac tod by a s e r ie s  o f mo i t  in i  po in t j
do tem in a iio n s and was shown to depone! on the configuration  J
a t  carbon atoms 3 and 5 in  the following formula* I
Th© compounds represented by th© two^dimanslonal formula are 
cholestanol* copras time! and th e i r  opimers • These differ  
In the spade! arrangement of the Cg«if# and the C^OB w ith ■ 
respec t to  the configuration o f the  methyl group at carbon 
atom 10* 'The re la tio n sh ip  is  shown in 'th e  following tab le? -
■ Ca-OH cs-!i Cg_0H Cg-H
Cholest&nol ola trr.r.a Coproatanol els cla
<rw»ii<nj» iw» mm*ie «**»>>*
icplefiel© s t a n d  tra m  trana Epic ©pros ta no-1 trana cla
Compound formation occurs between ©holes tcxnol and. ©plcoproat*
- a n d  and between coprast&nol and epleholeatimol* %
explanation  o f  th i s  phenomenon Is suggested but i t  Is shown 
th a t compound form ation i s  la rge ly  dependent upon the presence 
o f  the hydroxyl groups, since when these are acotylcfced, . 
combination docs not occur* I t  Is o f in te re s t  to  not© In 
th is  connection th a t e s te r  I f  lo s t Ion o f  the free  carboxyl 
group o f trlphonylmefchyl phenyl c&rblnyl hydrogen pbthalat© 
prevents the fo rm tIo n  o f a racomic compound (See p#5o)*
There are two po in ts which seem to weaken the suggestion 
th a t the complexes formed by the ac id  e s te r  are  due to  
bfdrogen*bonding?
(a) u ncerta in ty  regarding the nature o f the lin k  between 
the acid  e s te r  and the aromatic compounds t
(b> COc- i ^)S 12*0lit S f c j 3*0 3»OSO ££©l''ST0lfl3i S55QS3* 3?€J£&(3.3^1^?*
on heating  ( 1*0 * have low e q u iv a len ts )t contain  solvents 
whoso stren g th s  as bases would bo expected to bo g rea te r 
than the so lvents which are hold more firmly* thus, 
owing to th© elec tron*  re leasin g  p ro p e rtie s  o f a lk y l 
groups, ©thylfoensen© should have g re a te r  electron* 
a v a i la b i l i ty  la  the rin g  than bens©no, and should ac t 
as a s tro n g er base* S im ila rly , t e r t -b u ty l alcohol Is 
a -stronger base than methyl a lcoho l, y e t both ethyl*  
benzene and te r t* b u ty l a lcohol aopear to  form th© lessmimmrn '■
s tab le  complexes w ith  the  acid  este r*  (See p*v-*& p ♦»**)•
I t  in ther©fore d es irab le  to  consider an a l te rn a tiv e  type o f
complex formation*
The ch a rac le r is  t ic s  o f e lo th ra te  compounds are as
follows (3PAL2S and FOWBJuL, 2foture, 1949, 163, 536)?*
r  ^  i*m>, .*»-)< , ■*
(a) there  is  no apparent means o f link ing  the two compounds ?
Ch) on© compound must be capable o f  cage formation for 
enclosure o f  the other,?
(c) the enclosed molecule w il l  be rep laceab le  by o th e r 
molecules th a t f i t  in to  the cages Irre sp ec tiv e  o f th e i r  
chemical ch a rac te r , th© only lim itin g  fa c to r  being th© 
s ize  o f  the m olecules.
(d) there  is  a lim itin g  composition determined by th© ra tio  
o f cage* form lag m ate ria l to  th© number o f c a v itie s  
a v a ila b le , but th© composition say very , e.g* I f  
c a v itie s  ra sa in  unoccupied*
m,0%m
The b e s t known compounds o f th is  typo are those 
formed by quinol w ith 30g, HgSf KOI* 2£o0It, EeGI, iiCOOH*
Of o ther bydrexybenzenes, only o rc in o l and phlorog lacino l 
form molecular compounds (w ith HBr) which, appear to  be of 
th is  type (FEEIS and PO^EXL, J,C*3#, 1948, 71, quoting 
0OE3EK0* Annalois, 1910, 37o, 237)* Thus, the formation o f 
e la tftra te  compound# eeema to depend upon the presence i s  a 
no local® o f widely separated hydroxyl groups, th is  being one 
method o f  sa tis fy in g  condition  (b) above*
Tbo quinol complexes are perhaps the most c le a r ly  defined 
examples o f elathrafco compounds and possess the following 
fea tu res  in  ad d itio n  to those defined above*
( i )  The molting po in t o f  quinol is  not appreciably  a ffec ted  
by the presence o f the enclosed constituen t*
{ i l l  The compounds are  stable? except a t  tem peratures m ar  
the m elting po in t of quinol*
( H i)  The compounds are formed only in  the presence o f a 
vary high p roportion  o f the enclosed  substance*
(1*6LIS and KfeSLL, J . C . S . ,  1946, 6 1 5 ? .
The complexes formed by t r  Ipheny lisathy 1 phenyl carb lny l 
hydrogen ph thala to  f a i l  to  comply w ith a number o f these 
cone! i t  io n s , thus s
(a) a 1:1 molecular r a t io  is  comon even w ith so lvent
molecules o f widely d ifferen t-d im ensions (3©e p*j,ve)j
{bjt the complexes are  form-sd ©von in  the presence o f a
high proportion  o f l ig h t  petroleum which does not form j
i
a complex*
(©) the inciting po in ts  o f  the complexes oro la rg e ly  
dependent upon the nature o f the solvent*
<&) the ’a c tiv e 1 hydrogen atoms o f the ac id  p h th a lle  ©ster 
are  not widely separated , and there fo re  are un lik e ly  
to form an associa ted  group containing large empty 
spaces♦
:• The choleic ac ids (See p*5*) a lso  d i f f e r  somewhat from 
the quinol complexes* However, the cho lic  ac id  and desoxy** j 
cho lic  acid  molecules contain  widely separated  hydroxyl groups 
and the p roportion  o f  : ao hollo  co n s titu en t v a rie s  co n s is ten tly  
w ith change In  the molecular dimensions o f the la t te r*  This,j 
together with the fa c t  th a t  the acho lic  co n s titu en t tmy be an 
a lip h a tic  hydrocarbon having no power o f a sso c ia tio n , has 
led to  the suggestion (fO^ULh, 1948, 7 2 ) th a t  these
compounds are o f c la th ra te  type w ith  the acholic co n s titu en t 
enclosed in  chant©Is in  the c ry s ta l  s tru c tu re  ra th e r  than 
complete enclosure in  ’cages*»
A fu rth e r  s e r ie s  of m olecular compounds are described 
by BiitCEH ©t a l ,  (d*C*S*# 1962, 1445)* Them are  formed by 
trI*o•thym otide and s im ila r  compounds w ith so lven ts o f I;
various typo a * Thus* tri~o-tby motid© (m*p« 217 deeomp#)
and a lso  m~xyl©n©(* m l© )# g**xylem{i mol©)* and methanol 
(«<•! m ole)* The compounds am  obtained by slow c ry s ta llis a tio n  
from the .appropriate solvent* decompose vary slowly below 
160 Qf, and m l t  w ith  decomposition over a range o f twenty
In  these easipounds there  i s  m  obvious moans o f chemical 
union# and since they are a lso  o f  v a riab le  composition# i t  
is  p robable ' th a t they are  o f  cl&thrat© typo*
flie compounds formed by the hydrogen p h t h a l l e  e s te r  o f 
tr.iphany Inethy l phenyl carbine 1 bear some re s o r t  lane© t o  
the choleic acids and the t h y n o t ld e  series#  thus;
CD they may contain  aromatic hydrocarbons ( o f *  p ♦"**)#
t i l )  they are remarkably s tab le  a t  room te m p e r a tu r e *  but 
decompose on h e a t in g *
forms complexes containing Iia 1 f-.moXecutlnr proportions o f l ig h t  j 
petroleum (taken a s • heptanes* b*p* 0© -  100)# n~hexane* ethanolji
degrees# s ta r t in g , in  ©very ease# a t  approximately 170°C•
Tr i-o -  thy mo tid e  
•G7~
( i l l )  the conposlilon is  not co n s is ten t throughout the
series*  $Ula may be duo to  th e  s tru c tu re  o f the 
completes ra th e r  than loss o f so lvent on hooting 
ua p rev iously  suggested. (See p* **)+ (Compare 
paragraph id) p* ^3 } #
I t  i s ,  therefor® , possible, th a t  those molecular compounds' 
are o f o la th ru to  type, bu t Involving & losa d e f in ite  s tru c tu re  
than th a t o f the quinol complexes * thus , spaces In the 
c ry s ta l  m y bo produced, p a r t ly  by hydrogen~bo M ing of the type 
suggested above (Be® p* S'S}f together w ith  a sso c ia tio n  o f  
such hydro gen-bo Mad groups by molecular a t t r a c t io n  o f  the 
fan d©r ku&ls type* Such a s tru c tu re  may be s ta b i l is e d  by 
the ■ presence of solvent molecules * a fa c to r  which may 
account fo r the spontaneous c r y s ta l l i s a t io n  o f a complex 
from solution* S ta b i l is a t io n  o f th is  bind is  probable in  the 
quinol co-rspourads described* The c ry s ta l  s tru c tu re  in  those 
complexes is  th a t  known m  the /3  type, which is  not formed In 
the absence o f molecules which can be enclosed . Under such 
cond itions, quinol c r y s ta l l i s e s  w ith  a -d ifferen t ( 0 0  s tru c tu re  
Such a phenomenon i s  a lso  lenotm in  the form ation o f  c e r ta in  
urea-hydrocarbon complexes, (&# BCIILUM, Anna Ion dev Ohimie, 
1919, , 5* Spontaneous c r y s ta l l i s a t io n  o f  the complexes
occurs on add itio n  o f a Xong-ehaia a lip h a tic  hydrocarbon to  
an a lcoho lic  so lu tio n  o f urea* The complexes have been 
shown to be o f  cl& thrate type by’ x~rsy examination of the
1c ry s ta l  s truc tu re*  Hi is  bears no resemblance to the normal 
c ry s ta l  s tru c tu re  o f urea, ana is  c le a r ly  s ta b il is e d  by
enclosure o f tho hydrocarbon molecule® in  tab u la r spaces in  
the c ry sta l*
felth regard to the  absence o f  complex formation in  the 
e s te r  racaiaate, i t  is  probable th a t the cy c lic  type o f 
hydrogen^'bonding suggested above (diagram 2 .,  p . 5<? ) would 
give r is e  to a compact s tru c tu re  In which the apace® are too 
small to accommodate so lvent mo locales*. ®his suggestion
is  supported by the so lvation  o f th© (-) b a r te r  s a l t .  Thu®, 
s a l t  form ation might bo expected to produce a tw o  open c ry s ta l  
s tru c tu re  Involving ionic I t e s ,  but resem bling the hydrogen- 
boja&etl s tru c tu re  postu la ted  fo r the o p tic a lly  ac tiv e  acid  
e s te r  (diagram 21 .,' p# to )*  Such open s tru c tu re s  are  more 
l ik e ly  to  give r i s e  to  spaces in  which solvent molecules may 
be enclosed*
Another fea tu re  o f the ac id  e s te r  comp!®*®® is  the 
frequent occurrence o f a Xsl molecular r a t io  desp ite  changes 
in  molecular dimensions# .Although th is  i s  the case I t  does 
not exclude the p o s s ib i l i ty  o f  compound form ation in  a manner 
resembling th a t  o f e la th ra te  compounds * Even in  the quinol 
complexes, • where m olecular sis© is  c r i t i c a l ,  s l ig h t  v a ria tio n s  
in  the cage dimension® do occur when the shape, o f the 
molecule is  not approximately/ sp h erica l but has on© ax la  
appreciably  longer than the other# This occurs In a c ry s ta l
**
in  which the molecules are held together by hydrogen bonds 
which ere appreciably s tronger than. Yen cier b as is  forces*
I t  is  conceiv&blo, th e re fo re , th a t in  a c ry s ta l  which is  not 
coop la te ly  hydros© a-bo nded, g re a te r  v a r ia tio n  in . the s p a t ia l  
arrangement o f fch© basic  atruetar©  I s  possib le  in  o rder to 
accommodate la rg e r raolccoles# .
P ith  regard to  the form ation o f  completes In the 
presence o f an *in e r t41 so lvent (of* p a ra . ( H i )  p* ) i t  
should be pointed out th a t in  those cases where departure 
frosa a 1*1 molecular ratio- is  most eferfeed (See tab le  111 p **'*«), 
large q u a n titie s  o f  petroleum ©ther were requ ired  fo r  
p re c ip ita t io n , and the c ry s ta ls  were not w ell defined*
Fur the rtaor©, c rys t a 11Is® fcIon from methanol and ethanol was 
p ossib le  only from concentrated so lu tio n s in  the pur© solvents 
c ry s ta ls  could not be obtained by ad d itio n  o f water to d ilu te  
so lu tions in  these so lven ts {-See p* 9*t)* ih© form ation o f 
the ac id  e a te r  complexes seems, th e re fo re , to depend upon 
the presence o f  a large concentration  o f  a su ita b le  so lven t, 
so th a t  in  th is  re sp ec t a lso , the acid  e s te r  complexes resemble
clathrat©  compounds*
Thus, I t  seems th a t most o f the evidence is  in  favour 
o f compounds o f the ©lnthrat© typo? there a re , however, 
two po in ts which are d i f f i c u l t  to  exp lain  cm th is  b asis* -
1, Although crystals o f th© o p tic a lly  ac tiv e  acid  
' e a te r  could not be obtained by ad d itio n  o f water
to  d ilu te  solutions., in  a lcoho l, ad d itio n  o f nee tom  
to the a lcoho lic  so lu tio n , followed by d ilu tio n  
w ith w ater, gave tfm c ry s ta ll in e  acetone complex 
(See- pm  ) *
11* barm concentrated so lu tio n s  o f the o p tic a lly  ac tive  
ac id  e s te r  in  carbon disulphl&o, on cooling , s e t 
to  a g ranular g e l which n&a d i f f i c u l t  to red isso lv e , 
©too in  wmm carbon clisulphide* (See p . /'* )*
fhose experim ental re su lts  po in t to  a degree o f In te ra c tio n  
between e s te r  end so lvent which la  Inconsisten t w ith  the form at- 
-ion  o f  c la tlira te  compounds#
EIPSSIMSSIAl  SECTION.
( 7 1 )
Pretm rstlon  of Boras oainflcol
1* By the method described t>y COHSM (ji©e. trnv* c h te .,
1920, 37, 243}* (Org* Syru Coll* Vol.12, p*71).
A so lu tio n  o f  bonsophonon© (130g») in  .la,q»propyi 
alcohol (0-35g*, 14 moles) contain ing  om  drop o f  g la c ia l  
a c e tic  a c id , mm warned to 45°c in  a one l i t r e  round-bottoiaed
flask* the fla sk  was then t ig h tly  corked, inverted , and ;
I
l e f t  exposed to  d ire c t  sunlight*  C rysta ls  began to  I
separate  a f te r  6 * 8  hours and s te a d ily  Increased in  amount. 
A fter th ree  weeks exposure, the so lid  was removed by filfc r- !
a tio n  and weighed IBOg* |
i |
The crude m a te ria l was re e ry s ta liso d  from a mixture 
o f bensen© and l ig h t  petroleum (b*p* 60° -  100°), when benso- 
p inaeol was obtained as m e d ic s , m.p* 188° * 190° (deccxap•)
£!%C0 + (C%)a0B.0H  > FligO ( 051) C ( OH) Phg + So2C0
tower y ie ld s  wore obtained when the weather conditions 
were not favourable, ami prolonged exposure lad  to  pronounced 
d isco lo u ra tio n  o f the solid*
2* By the method o f GOmaiG and BACHPAIil, (JT*A,C.S-*, 1927,
49, 241), in  which bonsophenone is  reduced w ith magnesium 1
and magnesium iodides**
$yfl C0 *4- 
2
4-
> m 2®
OH OH
To a suspension o f mgnceium powder (X5g») in  a
o f aiShy&roua e th e r  (X00o#o*3 and bcnsser© {I50e*c«>
contained in  a Tomd^bottmmd f la s k , iodine {42g*3 was 
added; slow ly, so th a t  the mixture re  fluxed gently* then
ad d itio n  o f tb@ Iodine was complete, the mixture was worried 
gen tly  a n t11 the eo la tio n  became co lourloss * A fter cooling 
th is  so lu tio n , tmmoplmmm {65g#} in  bonsom (80c«c«) was 
added, and the fla sk  eorlmd and shaken fo r 15 minutes, 
daring  which period  the p re c ip ita te  i n i t i a l l y  formed, dlss~ 
•olved, leaving a b rig h t red solution* fhe suspended 
magnesium was removed by f i l t r a t i o n  and the e th e re a l so lu tio n  
s t i r r e d  w ith  w ater u n t i l  co lourless#  -The p re c ip ita te d  
magnesium hydroxide was d isso lved  by ad d itio n  o f  d ilu te
sulphuric acid  and the e th e re a l layer separa ted , d ried  and 
evaporated to dryness* lb# re su ltin g  s o lid , a f te r  recryot*  
- a l l i s s t lo n  from a m ix tu re 'o f bens one and l ig h t  petroleum 
(to*p* 80° -  100°), gave bcnsopinacol in  the form o f needles
( 7 3 )
( 4J2g • } f IC-i0 «• (SflOO*J|? ) •
/ " I
Conversion 4t B®n% on Iraco 1  to  f t  -  B e  ngoo inaoo lor& •
'i
' j This re s e t  Ion was o f feet©! by the method o f OOS3MQ|
acd f’.-»C’r.v/.i;.3 ( J . a.c .8 . ,  1327, 49, £46? Org. sy n ., Col. 
Vo^ ..! X, 9 #V*0) •
P hC  CPh -----  l’h„C-------■ C?h + H„0
d\ | <- ^ II
OH 03 0
2
4 so lu tio n  o f beraopinaeol (100$*) in  hot g la c ia l  
a c e tic  aeld  < 0000*0 *} contain ing  lodlq© (X#Qg#) was he©tod 
under re f la g  fo r 5 minutes and then quickly cooled# the 
re su ltin g  crop o f throM -llk©  c ry s ta ls  was washed tm n  from 
iodine w ith sm all po rtions o f  m M  g la c ia l  a c e tic  ©elds 
after drying* the /5 -toerooplmeolone weighed 02g# and had
% 5 a e U 2 2 j ^ Z l S E * ^ U ! ^ ^  
p tiercel Oerbinol*
The follow ing procedure* due to  ISVX and .LaiiiAfS 
(Ball* Soe* Chi®#* 192&§ <XV)* 43* 440} was found m a t  
su itab le*
/&'bonsqpinaaolona (S5g») was added to  an e th e re a l 
so lu tio n  of e th y l rmgnoiilu® ch lo rid e{2*3 nols*)} re a c tio n
m )
proceeded v igorously  a t  f i r s t ,  giving & red  so lu tio n  which 
deposited a white solid* The mlxt um  was he a tad  under 
re flu x  fo r  one hour, during which period  the amount o f 
so lid  s te a d ily  Increased* A fter decomposition w ith d ilu te  
su lphuric  ac id , the re su lta n t c le a r  so lu tio n  was separated 
and the e th e re a l layer was washed w ith w ater, d ried  w ith 
sodium su lphate end evaporated to  dryness*
The re s id u a l s o lid , a f te r  r e c ry s ta l l is a t io n  from 
r e c t i f ie d  s p i r i t  (500 c*c) y ielded  the ca rb in o l In  the form 
o f prisms m*p* 150°• (2Qg*)
This method was subsequently modified as follows**
The pimeolone was added as a suspension in ether* This 
allowed additions to  he mads w ithout frequent opening <f 
the re a c tio n  v e sse l, and a lso  moderated the violence of the  
i n i t i a l  stages o f  the reaction* • The period  o f boating was 
increased to two hours and the reaction mixture was rap id ly  
s t i r r e d  throughout, thus avoiding the inconvenient * buying* 
which had occurred previously* These modifications caused 
no reduction  In the y ie ld  of earblnol* nor was the  re ac tio n  
appreciably  a ffec ted  when e th y l ch lo ride  was replaced by 
e th y l bromide or e th y l Iodide*
(78)
P rep a ra tio n . o f .Tr.ip!pr^lraethyl r  bery l C artInyI 
W6.rom n  Fhthalste#m*mr* ■>#«#. ffkwuibKt-' '.*#»*#- ■<«»
Prelim inary experiments showed th a t the- combination 
o f  the a Ieoh® 1 and p h th a lle  anhydride in  the presence o f 
py rid ine  Is  a r e la t iv e ly  slugg ish  reaction, and even tually  
the follow ing 'procedure was adopted#
A m ixture o f  the ea rh ino l (&0g#)» p h th a lie  anhydride 
{11 #f%#) and pyrid ine {X8a*e#.} was heated on a steam ba th , 
fo r 8 hours, by which time the homogeneous liq u id  had begun 
to  deposit c ry s ta ls#  A fter standing overn ight, th e  product, 
which had s e t  to  a  so lid  mass, was d isso lved  w ith some 
d i f f ic u l ty  in  hot acetone (X50c#e*)« th i s  w ell s t i r r e d  
so lu tio n , cooled on ic e , was then a c id if ie d  w ith hydrochloric 
ac id  and slowly d ilu te d  by the ad d itio n  o f  w ater over a 
period  o f cm  hour, when there separated a fin#  c ry s ta ll in e  
powder which was e a s ily  removed by f i l t r a t i o n  and re a d ily  
dried#
This m a te ria l, re o ry s ta l l ls c d  twice from n-butyX 
a c e ta te  (1 0 a .c /g .)  y ielded  {£) triphery lm ethy l phenyl 
cmrbinyl hydrogen p h th a la ts  as prism s, tu p #201° —2g5°(decomp) 
f i e ld  24g*
Equivalents^# 0#246g# in  £9o#o* mm*m acetone requ ired  
7«$4e#e* bary ta  {0.06441}# Equivalent - ©00# {Required
fo r  O H O .  498} *2d 27 4
Tfcs Resolution o f  ( - )  TrlohergrlawthyI yhsnyl corbinyi
w»w»v«wiii«wrt ■•*»■'»»<«  .iiwu##t miO iiwOiKlM mull «n T>J»»| »>>)» .>*)»  m***' iM*# .M.+VMB'i***1' ,..«*;■»«»* — ft 'W  .......M m*#** n*»umg IIwi
• Hf^ro^n^Fhtlm lata.^thyQa^H i t s  Brucine .Salt*
Th® b rucine s a l t  o f the hydrogen p h th a lie  e s te r  
c r y s ta l l i s e s  re a d ily  and in  good y ie ld  when prepared in  
acetone so lu tio n , but prelim inary  oxporimnt® ©bowed th a t 
the lo ss  so luble fra c tio n  was bu t sparing ly  so luble in  the  
hot so lven t (4Oe»e*/g#)« Tnis re su lte d  in  low y ie ld s  «• 
le ss  than 40,1 * o f  the s a l t  from each r e c a s t  a XX Isation* 
and la  the n ecess ity  o f concen trating  considerable volume© 
o f numerous f i l t r a te s *  These d i f f i c u l t i e s  worn la rge ly  
surmounted by roplacing  the ro e ry s ta l l ic a  tio n  o f each drop 
by successiv© ex trac tio n s  w ith  hot acsfcon# in  amount© 
in s u f f ic ie n t  to  d isso lve thorn#
Tb® above com  Xus ion i s  i l lu s t r a te d  by the following 
experiments**
A ©elution of the (£) acid  phih&llc ester (10g«) and 
brucine (8*0g«) in hot aoe&om (500c*c*), after cooling* 
deposited  the brucine s a l t  as long s ilk y  needle© sup*l&l *
165 (decomp*}# fh is  s a lt  (X0#2g*) was than submitted to  
four consecutive extractions with b o ilin g  ace tom (2O0e#c«) 
after  which i t  weighed ?#9g# and had m#p# ISO® * 162° (deconp 
After decomposition in  acetone solu tion  with hydrochloric 
acid as described above in  the case o f the pyridine salt*
I t  yielded (+} trIphenyto©thyX phenyl carblnyl hydrogen
( 7 7 )
phth&lftte (5»3g«, 72,1 theory), needles, ss.p, 118 •  122 (flseosi^) 
M j,  •#*98*0 (c , 1 X) in  acetone solution#
Concentration o f the- ace tom  Bother liquors yielded
a brucine s a lt  o f m#i>*XS40~ 169°{decamp*) which, on 
decomposition, gave the laevo hydrogen phthdllo eater {£*% .)
0 S needles, m*p# 120 <* 123 (decong)*}, »B (c , X#78| •
l -. :
2 ) | in  see tone solution* \
In  view o f the wide d is p a r ity  in  salting p o in t (221° as ' 
compared with X2Q®} between the ( t )  and the O ) o r {-) hydrogen 
phthalic deters I t  wm  considered probable that those compounds 
would possess such d if fe re n t  s o lu b i l i t ie s  m  to  allow o f th e ir  
separation by fractional c ry s ta l  l i s a  tion# This was re a d ily  
shown to  toe the ess# , fo r  a so lu tio n  of the acid plittmllc 
e s t e r  o f  [VJp *4? *6® and m*p# !90°{dacotup*} in  b u ty l ace ta te  
deposited  u crop o f  crystalline ) acid phthalic ester  
m*p# 214° -  215° weighing about 10> o f the weight of the 
o r ig in a l  compounds correspondingly, the  mother liq u o r from 
these c ry s ta ls  showed a high degree o f o p tic a l a c tiv ity *  
Accordingly, la  o rder to  obtain optically pure (+5 
and ( • )  hydrogen p h th a lic  e s te r s ,  i t  was decided to  employ 
a combination o f  the two procedure a ou tlined  above, in  a 
similar manner to  t ha procedure adopted by DOwffSH and 
{J.C .S*t 1939, 115$) in  the re so lu tio n  o f the (*)mefchyl~ 
phenyl earblnol*
{ 7 8 )
Investigation  o f  th is  procedure brought to lig h t two 
im portant features**
1* ¥he*mp&mtim  o f  the o p tica lly  active forma o f  triphenyl*
methyl phenyl eafbinyl hydrogen phthalato by mmm  o f  the
bruclm  s a l t s  was achieved a f te r  one c r y s ta l l i s a t io n  
followed by cm  e x tra c tio n  o f the resu ltin g  so lid  sa lt#
2* fho o p tic a lly  ac tiv e  forma o f  the acid  phfchslic ester* 
combined very re ad ily  w ith so lven ts of w idely d if fe re n t 
types* Csee p# ,0*J#
Thus* the following procedure fo r  the resolu tion  o f
the (*) ac id  p bih elic  a s te r  was adopted#
In  the  fo l lo w in g  p a rag rap h s  *d c x t ro i  denoten  
a m ix tu re  o f  (1) and (+)* e x t e r n ,  and 1 l e a v e * d eno tes  
a m ix ture  o f  (~) and ( - )  c-etera.
(79)
ssasss;
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Crop,B« was suspended in  acetone (200e*e#)f th© ©Ixfcar©
coaled in  ic e , and acidified by the addition o f concentrated 
hydrochloric aoM drop by dr©pf with continuous shaking#
This re su lte d  in  the p re c ip ita t io n  o f  truein© hydrochloride* 
A fter the ad d itio n  o f  s l ig h t ly  more water than was required  
to  bring  the l a t t e r  In to  so lu tio n , the (+) acid  e s te r  began 
to  separate  as sm all n e e d le s ,.sup# c irc a  120°{<!©e©mp*} *. 
These* a f te r  vmmovuX by f i l t r a t i o n  and re  c r y s ta I l ls  a t  ion 
from ace tons** l ig h t  petroleum , gore m ed ic s , . (I4*$g*) 
sup . 118 -  l&B (decamp«). Z*l> +C8.0 (e , 1.60 * 1)
in  ace tom * Equivalents O.XBlg. in  acetom  (20c*c*)
requ ired  5*77c.e. baryta (0*00441) j equivalen t = 857* 
Addition o f  w ater to the mother liquo rs  from the 
crude (+) ac id  e s te r  y ie lded  deactro e s te r  (X) (4g*)* 
s*p* 198(deco^*)*
Crop B». by s im ila r  y ie lded  dextra  e s te r  (Y )(7g .),
m*p»-198° •  2O0°(d©c©tsp#)
On t r e a tw n t  o f the dextro e s te r  (X and Y) w ith  
cold alcohol (800*0 *1 , (£) e s te r  (4g*)# su p . 216° -  221°, 
re sa im d  undissolved* The a lcoho lic  so lu tio n  was 
d ilu te d  w ith an equal volume o f ace to m , and on ad d itio n  
o f w ater gave (+} acid  ©st©r(S*5s*)* This c ry s ta l l is e d  
from, acetom  •  l ig h t  petroleum as need les, ss.p# 118° •  122° 
(decomp#), and had Ic{l^+88.2 (e , 1.82? ^ , 1)
( 81 )
®n  d»eeaipe*ltioa in  the m a m *  d e s c r ie d  fo r 
crop B p v t  («*) acid e a te r , which, a f te r  reorysto  l l l s a  lio n
am® tee  tom  <* lig h t petroleum yielded needle* ( I9.6g*)f 
sup* XVSP-- m 1 2 2 ® Cdeoeop.). [«J>*9 8 .4 0 (e , 1 *6 0 ° ; X>;
0 *1$$$* In acetone required 0 »l3 e#e# haryta ( 0 . 0 6 4 4 $), 
eqelv* * 5$$*
M d iiien  o f water to  the mother liquors # 'p m  the 
credo {-) ecld ea te r yielded leeyo e s te r  (5 g*) ®#p. 1 0 0 ° -  
l$ $ ° (d e e o a p » ) «
n i t r e  to from crop <|* on deeenpoiitlen , gore l&evo e e te r  
{$$*} *»•!>* BOO*-* t06a{decow^«)»
fha lofire e s te r , on treatm ent with eo^d alcohol &«
deaer&ed shove gave («*} eater (8*Sg.}# m9p* xm®~ 122° 
(toeeap*)# L®(lj> * 9 B » Q * ( o f  U 9 B $ S , i ) t  end (i)  eater (3 g.)
m*p* 2W°* 219°*
the oosshtad yield  of o p tica lly  pure {*) end ( - )  
acid e a te r was 4£*S§* ( th i t  include** ahoot l a l  o f comfelmd 
acetone) corresponding to- 9 0  o f  the th eo re tica l amount 
without taking Into  account recovered ( i )  e a te r .
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on the JNydro,3Lyj>.f»: .of O ptically Active 
fhenylmethyl fhesyi Carbli^l'Tiy&iraseii Phthalate
nw^.wm'nMwawo- im y  'A»  »-y »* * * vtM W w ftw *' ■rmr^ir- -rfr "rirnlfc i-* . »*  imii iimi im» ra> h> m. i^
&* By mans -of alkali,
(1). ■ $0 a. solution of the pore (<*) aeid phthalle aster 
( f< lv -i07  in  BtOH> (8.0g.) la  eth y l alcohol <S5c.c.) wc«
added aodtet hydroxide (0*4g* as a SOI m^Mons selnti&n)
(8*5 mZti}* end tbs-so lu tion  heated onder re flax  on a steam 
bath* C rystalline le a f le t s  &ppmr&& 1 a the now yellow  
so lu tion  and their.sejparetion appeared to be complete a fter  
SO minutes*.; these eryatals (0*2dg*> war#- soluble In. water 
aM gar# phthfclle aeM on a c id ifica tio n  ©f th& aqu&ow 
eolation*. (0«26g« sodium phthalate Is *$mlraleni to 0*62£* 
o f  the orig in al ester}#
further heating of the original solution for 10 minutes 
gays only a sligh t ©lou&lmes mhieh ©leered on the addition of  
water* . fb# wotase of the' solution was then 6Sc*c* and its  
actual rotation, was *8*05° (^,1) * ib is  .indiested the : 
presence of approximately I *25g* o f the original'ester* ■'■ 
ftatbar d ilu t io n  o f  the so lu tio n  with water yielded 
a crystalline preelpitafc© which, a f t e r  reerystallisation from 
a lco h o l, formed m odi m  m*p# 94°» a lorn and when mixed w ith 
an aafcbanti© specimen of triphenyl methane# l l i is  material
/i m )
m l , £ w h i c h  iM equivalent. to  0*6?g* o f  the o r tg im l
t^stor*
A portion of the oqaooue ftloohollo' eolation
%m acidified with t^droclCerlo &oMf 000ton# woe added 
(about volume} and then* ©a dilation with water* the 
uneiumgod acid ester 1im obtained m  . the &mt®m complex *
nee&i^© RHp* 13# ^  122® +
tfytMi i t  !ms not protod p o ss ib le .to  erystaXXlse, . 
the (+) or (**) f&S& ester  from d ila te  -. 
solutions in aqaaoue aieahei except by . r
addition of aeotona in sufficient quantity; . 
to form the «eaten©*ssXv&ted orystals# —
fhs w in  portion of. the so lu tion  * which bud a 
pronoaneed odour o f bei&ialaahyde * ooid ifitd  and mixed'"' 
with an.aXeeboXlo eolation o f gs^dinitrophenyi- hydraslae* • 
fhe orange crystalline, precipitate which fo sw l rapidly had/ 
a f t e r  c r y s t a l l i s a t i o n  from n itro b en zen e*  ■ c u p # '237°* a lo n e  • and 
when. mixed with an authentic, specimen of bensaXdebyd#' & 14 di* 
nliropheny l hydrcdsoao* • '•
. th o s e  r e s u l t s  .may be s o l a r i s e d  as . follows t«* •
( 0 5 )
.(«•) aeM  phthaXia e a te r  used
.* . » « undecoseposed
■ (tjgr ro ta tio n )
« « D
from the produet® o f  re& etlen **re isolsteds-*
' sodium phth&late =  0*l2g* maid phihalic eater  
tripheufl ©sthsm = 0»$?g* meld phthallo ester
bassmM#hfd@ I amount m% determined* of# p#?o)
£ii@ above ®a:p®rtosnt was repea tad a® follows* the  
(*) aeM  e a te r  - {i#0g*} was d isso lved  I s  0 * i l  a lcoho lic  sodium 
hydroxide (2:5e#e#f and heated os the w ater hath#
A fter two hour® - sodium p h th a la te  (0#$g«) was p rec ip ita ted #  
the. so lu tio n  wee d ilu te d  w ith a s  ®qml volume o f w ater, and 
f ie ld e d  tr ip h a ry l  nethaise (0*33g«}« ■ Addition o f  an a lcoho lic  
so lu tio n  o f  0*4 d in itrep h en y l hydras lx& |0 .4 g # } :to  the mother 
liquor gave ttma.14t4dtol$reph®syX hydr&seia® (0»4g#)« The 
a lcoho l was removed from th e  re su lt in g  so lu tio n  by d i s t i l l a t i o n  
under reduced p ressu re , and the p re c ip ita te d  gamKsf s o lid  
removed %  f i l t r a t io n #  th i s ,  on ree ry a taX lisa tlo n  from acetone 
♦ water n » a  impure acid emt€r ms acetone. complex (0#2g*). 
n#p*X10 (decosap*)*
The above quant It!#® represent over eighty percent
*3 #00g#
' i#*ag.
0*73g.
m )
assuming th a t  0#6g* o f  thm o r ig in a l  a a ta r  bad boon
tt&sd*
It  therefo r#  mmm& protxab 1# th a t tha following re ac tio n  
had .to&en placet**
/^N coocatfhJc tF h )1 1 '3uCOOH
O c m  'm ' + pfcjft. +; FhCHO -
ccosa «*>
. (0) •. At room tampersture tha a&a# reaction  occurs, but
mush m m  ■ . ,$roai a solution o f th© anna eoBeenfr&etion
as .that given abo*#* there was iso lated  a fter  SO days trlphesyl 
Wthanft :(0«Q$g*} * ■ ..; ■■ . ;■
... (3) -.. A Bmpmmim  o f  tbs <*Hl as id sat©* (0« 5 g » )  in : 
a^uaou$ godiqia fc?d?o*ld* ($$c»a*f 0*091} was. heated on th@ 
abeam bath*: ; fh# eater dissolved, cM of tar 20 hours there 
m s  ©btaimi# unchanged aeM ester {0*4g*)f triphen^l methane 
(®#05g*)* whilst bensaldahsrdc was detested bj £i4~dinltrop!ies^I 
hf&rafine*
{4} ■ {$) repeated with aqueous sodium carbonate
gore only unohangod (+) as id at ter m®n after f i f t y  hours a t = 
3.00^0 *
187)
1$} . .So a e o la tlo n  o f tbo (*»-) co ld  o s to r  (0#%*) in  
w a r m  tanaon*. { l $ e # o « )  wm added sod t o  hydroxide so lu tio n  
(Xc^e*.* fttf ncaeeua-solution) aM  the m ixture hooted uM sr 
r s f t o  w ith vapid s t ir r in g *  Affc©r four houra m® c le a r  
so lu tio n  was cooled# and ©n'shaking deposited  m ad ias which 
were d i f f i c u l t  to  romere %  f i l t r a t io n # ' Cfhle i t  character** 
i s t i e  o f  the sodium s a l t  o f tv  ip h e ^ to t f e y l  phenyl e&rhlnyi 
I^drogea phthalate# which beeefeea s tic k y  in  con tact with water)« 
ffe# se lM  mm  d t o o t o d  in  acetone# the eo la tio n  a c id if ie d , end 
on d i la t io n  with, we ter*  gave the unchanged {•*) cold c ite s1 
acetone' complex ixs°* i^gH dee® ^*)*
ft® boniemi so lu tio n  was washed w ith d i lu te  ..hydrochloric 
acid# dried# and evaporated* fhn residue#. when a isso lved  in  
alcohol# gar# no in ac tio n  w ith  $ H -diflX ttopboi^l h y d rac to #  
and y ie lded  wore (*) ac id  c a te r  .{0#l£g*}# m*;p*XX8^ «* 122°{&mmp*)
B* Str&roXyels fcy maoae o f mid*
(1) A'solution of the O ) acid ester (0*%*) In ethyl 
alcohol {l$e#e«) containing hydrochloric mM  (o»2e«e# eoneent* 
rated) appeared ' unchanged after heating- under reflux for 0 hours 
an d ilu tio n  w ith w ater, c c ry s ta l l in e ' so lid  separated  from 
which tms isolated hj fractional crystallisation  from alcohol**
(a ) unchecked (*) ac id  e a te r  (0#2Sg*) which, a f te r
(&85 |
j
■ i i;
reeryst&Xllsattori from cost0120 «* water separated as >
u m to m  complex m«n* H i0** 118°* £0^  *102°(o#l#S3| j
^  I? in  acetone}, i1
(h) tatveptorqrl ethylene (o*02g#)# p lates, sup* 221° *»
220°, alon$ and whan mixed with a specimen prepared %j 
th© internet lea o f fcrtphenylmethyl phenyl earblnol cud 
concentrated sulphuric seM* . !
■ to) .. crystalline* irregular prisms .{0 #O0g«)i theco, ■ .■' 1
.. o f tor- ■ roorys ta llisa tlon  from alcohol, had cup* XV8°* 17#°' I;!
■ * 1 3 0 0 { c , o « B 0 O |  ^ # l f  l a  acetone)# ^Founds C t S l # ¥ f  j;j
H, 5#8) * su&stanc* was n e u tra l and d id  not ro a s t with
phfchalle ydri&e in pyridine, even after heating on i; 
the steam hath  fo r  IS hoars* jj
the  a n a ly tic a l data suggest th a t  th is  substance ;-
is  the n e u tra l e s te r ,  e th y l tripg&oylJs&tbyX phenyl c&rblnyl j|
i!phihalatej . require* £ f 82*3 j if, -0 *51)1 and S'
■ th a t ssterlfl& atlon o f  the- f re e  -carboxyl group, o f the  ■
: original acid phthaXio e a te r  had occurred* ' th ia  was |
i'
' con firm ed  l a  th o  fo l lo w in g  m m y & t i ' ' • J
t*) ' ' ' 4 solution of the (~) acid phtballc ester (0«2g«)
•• in absolute alcohol (Xbo#e«) wm  saturated with dry hydrogen i
: ch lo rid e  and lo f t  overnight,'"when c ry s ta l l in e  ir re g u la r
prisms <-0#i?g#) had separated# These, a f t e r  rocrystalllsat
( ioi
( 8 9 )
from eoetons «■ water had «up* 178°~ 179®, alone and when 
mixed with the spec to n  from th© previous experiment#
( l i )  A so lu tio n  o f  the (*0 aoid p h ih a lla  e s te r  ..(0«2g)
In ab«olttto eth y l alcohol (80$«e+} was raatrallaed to
phenol phth&lela w ith  alcoholic potaaslan hydroxide#.
eth y l iodide was ftM d and the mlxtart refluxed
for S boscra* After cooling' and d ilu tin g  with water# a 
cry sta llin e  so lid  separated* which# a fter  re ery tta llie s tlo n  
from alcohol# had sup# 176°** 179°#"'alone and when mixed 
' w ith  the epee ton from tho orig im l' exp©rlmnt» ’ "
( i l l )  a spec t o n  o f  the {+) n e u tra l e s te r
prepared hy the Fischer «• %#ior .method a# in (1)
IX k m tm  had is#gu 178°* 179®# A mixture o f th is  compound 
with the corresponding O) ester molted at X6D0~ 1£2°#
(0) ■ ■ A suspension o f the (£} acid phibalia a s te r  ( 0*%*) 
in  e th y l alcohol (l®e»e») saturated with dry hydrogen chloride 
was heated undos* reflu x  for $ hours* At the end o f th is  
period 'crystals (0#lg#) m*p# 230®* SJB° had separated* those# 
a f t e r  reery sta lllsa tlo n  front ehXorofom^aleohel# gave irregular 
prisms o f  tetraphenyi ethylene tup* 223®* 025°# alone and when 
mixed with the spec t o n  prepared fcy the interaction  o f  
telphenylmsthyl pha-syl e n fb to l  and concentrated sulphuric
C903
■&eM* • m+p* w ith  («*) m$M ptMmlio oa ton  was 0130 *
. fill**
{3} la rtaotlan occurred mtmn th* (+) aeld phttmXie m tm v  
. ;• t CO»%#} m§ ho&tod for-48 hoar* t» tteeton* (&0e-»a»).
■ eoat-almii^g asJ4 (X0e»o*f 0*18)*
len flse th y i Phonyl 0a.rhlh®l
aftjj—wiw^ 1 manwi*r  s hw mhi w " » \ »rfl >;*«#-?* i^m.i.wwawNrtnttwiiiiiiitw <n«mm
(X) W 1th aod jigs J’iy4?*0S Mm-»
(a) A to in tio n  o f  thm m&bitsoX il*8g*} In  o th y l alcohol 
(&0o»o«) aontain ii^i ®qm®m $M .lm  hf&roxSd^' tXe*e#f '80$) 
was heated oiader m flm t  fa t1 § ®Jlmte*» fb® roguit& nt dm p  
fo llo w  m i n i io-n# an aooXIsg* deposited largo feathery m®&Xm 
<0#4Bg#)# ts#p # 94°#' a la m  and whom misod w ith m  
au thon tle  »poc3»a o f  trlp h en y l rothoao* fh# f l l t r o t o  
was n i d i f i e d  w ith  li^droalilorla s®M and th m  m to d  w ith  
mn oleoholiai e o la tio n  o f  t t4 ^ in l% ro p tm n jt }tflrm % m  
h^droohlorM® whoa fch® &&~&inlt*Qph&nfl hydras om o f 
boim&Mohydo (o»$8g+) separated. After recryat&Uiaa t toa 
frost nitroborasooo th is  hail sup*
Both t r l p h o t ^ X ' m&' t^mal&ohyd# %mo thus 
m o n  o'htaim €  In §5$ yield calculated on tho otgu&tiaas*
Fh3C.CH{0H}(FhJ ---- > f% C l + FliOHO
(Is) A solution stall** to that to (e}» After 10 days at 
1*0^ 13 t&j&peratur* gars too suss products of deeoaposltlon
to  |M M *
(e) 'A" series o f experi^nis m so a rrfad  out 'to order to
detem tosv'toe effect o f changes to a lk a li oomontrettoa
on the extent o f «S#oo%oslttoii of iriphenjXmthyl phonal 
c u r b t o o l * . ■:
A so lu tio n  o f  tli# m r b tm t  {X*Og#l to  absolu te alcohol 
(TOcue*) woo used* f o r t  torn  o f th is  (7 .Oe*c* each), wore 
■'ia&eirfor each eap erto su t and the i o t a  uadi u p ' to  10c*c* 
a f te r  ad d itio n  o f  sodium hydroxide* :'‘ :
Sod tea hydroxide was added- as on aqueous solution  :
 c o n t a t o t o g  t tC r n g g g * /^ * © *  (© •O O S d g *  e o d iu s *  h y d r o x i d e  ......
represents 0 half ssola proportion with respect to C«lg« : 
o f  the eartstooi)*
■ ffm mm%im mm stepped after s mimXm.tw cooling : 
aM too addition o f three drop# of concentrated hydrochloric 
oeto*
v the extent o f reaction was eat touted by weighing the : 
hj&mmm  precipitated by to© addition of a saturated 
alcoholic solution of & s4*4tolfcrophtnyX hydras im  hydro* ;• 
chloride*
Sim# bei&aldehyde imj react w ith sodium hydroxide*
two- ( la  and Ih) m m  inplu&od in  which an
aslant o f  tom oldohfae ssutimXent to CUlg* o f  trXpftenyl* 
m tbyl phonal carblnol tms sM ai, In order to dttorolne 
A eth er  homaMet^do mm l o s t . In th is  way* .
. S.io th e o re tic a l  y ie ld  o f  hydrosone is  0#0%# 
fit# rw*Ult«. are recorded la  tbo f o l d i n g  table*
fab le  i
SodIwiJSfdragi&o In  a lcohol «* w ater so lu tions*
l&perlment '
Itaiaw
AXeohol
' o .o * : ■
water 
' 0*0#
Sodfun
ll^dro^ldo
S o lu tion
0 .0 .
% d?azoss
3*
' l  ' ; 9 .0  '■ 0 1.0 " 0.0S9
1*0' 0 .0 0 1.0 0.073
1 Xh ' '" " 9 .0  " ’ ■ Q ; ' l.O  '■•■ 0.147
2 9*4 0 0.5 0.042
: & ;. 9#a. . ; 0 .: 0.2 0.025
4 8#8 1.0 0*2' 0.024 •
8 8.5 x .s n aV .*£» 0.027
6 7.8 2 .0 0.2 0.030
la s  t^maMehy&e only* (Sea sho re)- 
txp®*tmn% lb* benseldehy&e and e&rblsol* '
m )
i l l )  n t h  weak a lk a li .
, Aqmom stint loirof eaeli of. the following salts wort 
used such that too# of telaiioi* eontatod one equlr&le&& 
o f  suit oorrtspoxsU&g to  0 *13. o f tr&h&s^tothyl' phenyl ■
Sodiw Cart tm to •' 1 *5g*/XOOo*e* •■
■' SodirafM m te’ S .^g./iotc.e*
Sodium \&eatftt# ■ &«4g*/ld0e*t*
' th® e«*&laoi'(0»l&.) IS H mistUT# Of i l ! » l  {8.00*0*} 6Kd
■water (£«0e*o») was'heated and*? re flu x  with 0M2 ©tuivaltxifc 
" o f  tae& salt*
■ ■ ' After IS mimtss* reaction Md 'oetorred In the
so lu tio n s  ©ontalni&i sodium cartons te and sod t o  phenaio: 
th# y i#M of Ijydrasoa© .is m th  m m  h®txxg 0 .03%# • ■ ■ M : 
■reaetioa ooeiarrod when sodium a c e ta te  was used* even a f te r  
•heating for 4# i& totes*
4 3CXX)' W 1th ^  sodium stho^tMs . in . dxy' bengeqe *
,. i-w Absolute atofcol {1 *0 0 *0 .) was mtodwiih sodluri-drisd 
benson# (2O0.0.) and eseess mfcallle sodium added* •■ Iho 
mixture was heated u n to  r t f  t o  until abaction was template 
aijd the filtered solution {XOc.o#} was added to the earblnol 
(l* 8 g .) In  dry bensone ( 100*0*) o o n ta to d  in  a teat'*tube*
m i
&© %v&m mm tightly coined sM  l e f t  overni$ x t  at roost 
temperature*'' ftm resulting dark feresm solution woe washed 
with water tM the solvent evaperatad leaving an o ily  
residue# This, on dissolving la'warm alcohol and cooling 
ipv© trSphonyl methane ($»5g»)t medlos, bup#$s®* alone 
and fM a mixed with an authentic specimen# %o alcoholic' 
mother liq u o r gnire, w ith  0 i4 -d in itrophonyl h y d rasin a ,: and 
immediate free ip it* te#' which ted ■ »•?« 0 5 ^ 'alone and when 
mixed with an aathentis specimen o f bemaldohyde Std-dinitre* 
phony!
fha reagents are in the proportion o f ©no stole o f  
e&r&lnel and' three moles o f sodium ethoxl&sf- 0*50g# 
triphenyl methane repraeente f t !  o f the calculated yield#
cnr> w ith  aloohoilo . t^ d ro ch le rie  aoM»
.4 eolation of tlm earhinol {0#5g*} in ethyl alcohol 
(10c#e») containing concentrated hydrochloric m$j& {0*$e*e) 
was heated under reflux for six  hours# On. cooling, tetra* 
phenyl ethylene (0*lg#) was obtained in large feathery 
m odles, m*p# 220°* 225° • M illio n  o f a small proportion 
of water to the alcoholic f iltr a te  resulted in. separation 
o f unchanged ©arhlnol, (G*3g.) prisms* m*p*iai° alone and 
when mixed with an authentic speeimen*
m i
(? )  w ith  .concentrated su lphuric  ftcld*T
frtpf^nytosthyl phenyl ©a rhinal (0«$g«) was added 
to  eer& entrated su lphuric  aaM  {5*0©*a *} a t  room tos^erature*
Ik b r illian t enmgo colour developed which disappeared 
. Immediately, and.a whit# so lid  serrated*-.. On pouring the 
mixture Into, water a . l i t t l e  .more solid was precipitated# 
fltfs was removed W  .filtra tion  and -rceryst&Xilssd from 
chlorefora ^.alcohol,siring Irrtgulur prisms.of tetraphenyl 
©tfeylan® tO*3g,J »*s». SSg°» 223®. . . •
fh$ ; tetrapfcenyl ethylene mm characterised by preparation 
of Its itirshromM# by the siotBM o f MohdllUlE 1022,
%&%.*. ldOTI
promlne was added to tstmplscnyl ethylem (l#0g#) 
dissolved., in carbon tetrachloride (25e*e*} ana t tm solution  
exposed to diffused sunlight for two- days# ■ tocos s of broaino 
wm removed by drawing a ir  through the- solution and then the 
so lven t by evaporation  on the w ater hath* Tm
resulting solid  was reorystalliscd from, carbon tetrachloride 
<* alcohol, and f im lly  from glacial acetic aeld+ after  
drying over solid  sodtoi hydroxide i t  had gup# £41° ♦ 243°*
If XI With g lacia l acetic aoM#
Tkm carblnel- (0*%*> was heated with glacial aootic
m%£%.(&*O0#e*) on %}w s t mm bu%M for a to t s !  of £2 hours* 
on a d d it io n  o f  a l i t t l e  wo to r  and co o lin g , the  unchanged 
oarblml (0*4$$*) was deposited, »*?• 132° alone and wtoa 
nlssd  w ith an aufctomble specimen*
IX) ; w ith  oono#itm tod aqueous ted r^oh io rlo  meld..*,
k suspension o f t^ lp to a y la s th y l p tony i a a rb lR o l...
(o«$&*) in  concentrated hydrocaiorlo acid  (I0o#o«) we« . 
m llow d to  stand: a t  room tc ^ p o m to o  fo r  Itottr.we&s* . i t o  
so lid  was-, removed %f f i l t r e t io a ,  dried, and reeryatallisod
from acetone -^alcohol# giving tetrsphersyl ettaylsQe (0*X5g») 
which# after .rsoafystslXlsatioa from ohlorofcnsa * ..alcohol
A !to d  m*p# 224°** .22S .# aloa# sM  when m&m& w ith m  au then tic  
specimen*
fto  mbt&p liquor from cr y s ta llisa tio n  of t&s original 
crude solid, gave* on addition o f water, tm0to%©d c&rblnol j 
(0*03®#), prism s, tn*p# 144° * MS^v ; : When nixed w ith  o r ig in a l
(a) Tto csrbinoi (3*f%#i 0*01 m M l In ettereal solution
(60c*c#}# wm  added during 10 m inutes, to  methyl magnesium
Iodide (0*02 mole) in  ether*  Eff@rteso.snco ocaurrod to t  
t to ro  was no marked r is #  in  temperature* f to  re su ltin g
ea rb ln o l i t  tod. sup#M ia** i$ l0 *
taettarl led Id#i n n )
m )
co lo u rless  s o lu t io n  on naming, turned red , and a white
s o lid  s s p m te d *  A fter heating  under re flu x  fo r 15 minutes
the mixture was doeecspoigea. with ammonium ch lo ride  aM gave 
the ca rb in e! (3*% *}# which, after- t^ e r y s ta l l l s a t lo n  from 
alcohol formed prisma m*p* 152° *
(t>). :• Excess methyl Iodide in uniml®  was added
to the carblnol (0#$5X£g*) In, ©nisole (2#Oe»o*)»'■ end the' ■ ■
©as evolved was collected in a lunge' nltroiaeter over mercury t 
i t  had a volume of &0e*e» {at and the vela®  did not
increase when,the mixture was heated* . Calculated for o*$31£g* 
triph#i5^1ii#t%l phenol ecrblncl «* 2l#Ee*e# mthane# • ' ' ■
(frocedure from. laboratory Methods o f Organic Chemistry, 
.Oettersmm end.« Is land*.. Xemdem 193VI * .,
(XX) pn Meeting; alone* ' • -
Trtphei^l^il^l phenyl carb ine! (l*0gt ) was 'heated 
fo r 5 minutes in  an o i l  bath  a t  a temperature of 180°C*
A fter cooling , the re su lt lo g  so lid  m s  ex tre e  ted w ith lig h t 
p e t r e ls ®  (b*p* dd^S0)(10o#o*)* The residue  frost th is  
e x tra s tio n  was foand to  'be completely so lub le  In. l ig h t  
petroleum (30c«e*f b*p# 100°* 120°)* These two so lu tio n s , 
on cooling# deposited a c ry s ta ll in e  so lid  { to ta l  weight 0*8g), 
m*p* 151 * 152, alone and when mixed w ith an au then tic
m )
sp&ctmn o f  tflpfcanyta*fchjf 3L phanjrl 'eaxtoinai* Tb& f lr a t
m lrm 't*  mi evaporation* lo ft  & m m ll vm%tm  whieh gaw 
no react Jon with an aleoi&Xte aoiatioa o f 2 s4.*&lnitrop!:s0r l^ 
fcl^&raaina*
A fta*$hor apeoimoi* o f t&o carfcinoi a f te r
hooting for S minutes at a. temperature of 200®«* 2X0°c 
g&iro an ofijr v m M m  possessing  a pronoomeed odour o f  
h#rsaMa!i^d#* ©n d laso 'triag  th is  in  ho t alcohol and cooling* 
irJphonyl motlmm } orsrstaXXtsed in  tii# form o f  noodles*
sup# 8$° a to m , eikI ^iion mixed w ith au then tic  spcci^on* 
f!m mother liquor*. on ad d itio n  .of a s  aieohaXio so lu tio n  o f
h^dmoUXorido gava a pro c ip it s  to 
o f the  fcH ^inltropheoyX  .hy&rasom of t^naaldefey&a (Q«7$g«)f 
m*p * 2$7°# >alone and whan mlsod w ith  an autheatio specimen# 
fit#. y ie ld  o f  teydrtiono .ia  933$..Of the th e o re tic a l  amount*
(€0)
tlienyi Carto tn o l»
( i )  s  1th Spjgimpd....reagent# *
( l )  A suspension 'o f the (* ) ac id  e s te r  (3.0g#) in  627 
e th e r  ( 500*0 *) w&a added to e th y l smgnesina iodide (s ix  
.ra le proportion) in  dry e ther*  ,i>  mrhect r is ®  in  
t^tspam tnro occurred, t h e  so lu tio n  beosas© p o lo  follow 
feM a gunny s o lid  separated* to® mixture was heated 
under re f lu x  fo r  one hour -with rap id  s t i r r i n g  and then 
dooo^oaad w ith  cold  d i lu te  su lphuric  acid*
The separated  e th e re a l lay e r was shaken w ith so lid  
m & lm  hydroxid# whoa a whit# so lid  separated* t h i s ,  
when d isso lved  in  so®torn., the  <?e la tio n  a c id if ie d  finl ' 
d ilu te d  w ith  w ater, guv© t h e  acetone complex o f the (-> 
ac id  e s te r  C l*lg*), need les, ra*p# 110° -  102° (decosp*)* 
t h e  re sid u e  obtained 17 evaporation  o f  the e th e re a l 
lay e r was d isso lved  In  ho t a lco h o l, and th is  so lu tio n , on 
coo ling , gave a c ry s ta l l in e  so lid  X (l*2g*)« to l a ,  on 
r e c ry s ia i l ls a t io n  from alcohol gave hexagonal p la te s ,  
a*pf 1340«* 150°♦ IfQj) <*M i°(c,2*54*^ai )  in  acetone* 
toe so lid  *Xf was inso lub le  in  oqum m  a lcoho lic  
m&lm hydroxM # o id  was r ec o v er ed  unchanged a f t e r
(loo )
beating to r & hours with phthalle anhydrMa in pyridine*
. Tm  solid fl f (0*% *), on heating  tor 10 minutes 
with eomenirafced a lcoho lic  po tash , gave a deep orange 
coloured so lu tio n , which on d i lu tio n  w ith & l i t t l e  w ater : . 
and cooling  ,$mm teJpfc*&grl. methane (0«0Q&*) need les, m ,p*,
* 94® *. toe  laothsr liq u o r was fu r th e r  d i lu te d  with w ater 
and ex tra c ted  w ith ether* (E x trac t I}#
fhm aqueous layer mrnBlm^ omn^$ in  colour but on 
acidifying, tmotm® colour less and deposited a faint white 
precipitate*"' ' This was extracted with ether* (Extract 11}* 
the ethereal extract (1) was weepers ted, and the residue* 
whoa dissolved In alcohol, yielded the 8 s4~dinltroph©nyl 
hydrasone .of becsaldehyde (O*03#)t m*p» 83? 0f alone and when 
mixed w ith an authentic spec ton*
The ethereal e x tra c t  i l l ) ,  on ovaporation, gave only 
a very sm all ronM m  which was not id en tified *
(fe) a suspension o f the O) acid ester tl»0g*) In dry 
bensene (50c*o*) was. adi^d to the Orignard reagent .froa methyl 
iodide (!«%*) in a mixture o f anisole (10o*e*) and tremens
(800*0*)* lie re a c tio n  appeared to  tali:# p lace and the mixture 
was ..heated under reflux in an atosphere of .nitrogen with 
rapid stirring for 5 hours* Tfm mixture was deeosapesed with 
dilute sulphuric acid and the hotmom, layer shaken with solid  
sodium hydroxide when the sodium sa lt o f the unchanged acid
(101)
e s te r  was deposited# 'to© acetone complex (0*4g«) o f  the 
{<*} so ld  e s te r  was obtained from th is#
too benxene and tmut  o f  the an ise la  were removed by 
d i s t i l l a t i o n  under reduced p ressu re , leaving an o i ly  residue# 
to la ,  on ad d itio n  o f  a l i t t l e  a lcoho l, y ielded  t&traphenyl 
ethylene (0*Q$g#)» ir re g u la r  p r is a s ,  m*p# 223°- 225°, alone 
and when aimed w ith  an authentic spec tom #
Cc) when the experiment (b) was repeated  w ith ethy l  
rmgnesium iod ide , m h igher y ie ld  (0*2g#) o f  te traphenyl 
e thy lene wm. obfcained, bu t otherw ise the r e s u l ts  were 
sim ilar#
(11) With formic, .aeId*
(a) The (1) ac id  phtlm lie e s te r  (0*lg*) was heated on a 
steam ba th  w ith 90$ fowl© ac id  (4*0e«e*)# to e  © star d id  
m t  d isso lve  com pletely and. a f t e r  $ hours the mixture was 
cooled in ice- and the so lid  removed by f i l t r a t io n #  Only 
a s l ig h t  cloudiness was produced when the mother liq u o r was 
d ilu te d  w ith  a largo  quan tity  o f water*
toe  so lid  was added to a lcoho lic  sodium hydroxide 
(10e*c*t M#) and O»0$g« remained undissolved* to la  inso lub le  
m a te r ia l, on re o ry s ta l l ls a t to n  from chloroform alcohol gave 
ir re g u la r  prisms m*p» 223°* 825°# alone and when mixed w ith
C 4*00 i
mn au then tic  specimen o f  Cotrsphsnyi othylene# whoa mixed :l|
. i!
with. (£) ac id  phfhalio  os t e r  i t  had m»p# 204°<* 208°*
(b) Ttm (+} ac id  phth&lle e a te r  in  W& formic
acid  (4e*e*) was boated on a sbess bath  for B hours# From 
the o r ig in a l  c le a r  e o la tio n  a c ry s ta ll in e  so lid  separated  
(0*$$$*) which, a f t e r  recry&tallis&tlon from chloroform •
. a lcohol had m*p# 225°-* 225°, alone and when mixed with an 
© athentic specimen o f tetrapftSRyl ethylene#
Co) The {•) aold  ph tha lic  e s te r  (o*Xg*) in  a mixture o f  
90^ fo rs lo  aoM (4«0c#e») and w ater (l#0e*e«) was tre a te d  as 
in  (a ) above when te trapheny l ethylene (0#O2g#) was obtained *
C1XX) tl tt*  a e e tlc  .aold#
The experiments described in  ( l i e )  and ( l i e )  above 
were repeated  w ith  the (J )  acid, e a te r  and s im ila r  proportions 
o f  g la c ia l  a c e tic  ac id  and water# Heating continued fo r 
8 hoars *
The so lid  obtained from pure g la c ia l  a c e tic  ac id  was 
completely so luble in  a lcoho lic  a l l ta l i ,  and had sup* 220°* 222° 
alone mod when mixed w ith an au th en tic  specimen o f  (£} 
t r ip h e o y to th y !  phenyl ea rb in y l hydrogen phttuilate*
from the mixture of  ace tic , so ld  and water the C~) ac id  
e s te r  (0*lg*) gave to traphonyl ethylene (Q .O lg .), m#p*2230»285°
(1 0 3 )
mlom  and wtmn mixed with an au th en tic  epee Iron*
CX?) I 'i th  lith ium  a lp in is m  hydride X*
Fine3y*po*d©red, eosmssreial lith ium  aluminium hydride 
(0*8,$*) was mixed w ith antiydrooa e th e r  (lOOo.o*) and the 
m ixture heated w ith rap id  s t i r r in g  on a w ater bath* ftm (*) 
ee ld  p h t te l ic  e a te r  (&*8g*) v m  introduced by e x tra c tio n  from 
a  SoxMot e x tra c to r  a ttached  to  the re a c tio n  vessel*  -• Ttm 
wtei© ©f the  e s te r  te d  te e n  tra n s fe rre d  a f t e r  9 t e a r s ,  and 
h ea tin g  wee continued fo r a fu r th e r  3 tear®* tfa te r was than 
added to  the re a c tio n  m ixture and the p re c ip ita te d  aluminium 
hydroxide d isso lved  by ad d itio n  of. d i lu te  su lphuric acid# 
e th e re a l lay er wet m om m i and aha te n  w ith  solid 
©odium hydroxide* So p re c ip ita te  was ob tained , in d ica tin g  
tea  almost cm pM to  absence o f  nnehat^ed ac id  as te r*  fcf#p.W * 
©vaporatlom o f  the  o t te r  gave a yellow o i l  which did not 
c r y s ta l l i s e  on ad d itio n  o f  alcohol* The substance was 
recovered by d i la t io n  w ith water* The substance was f in a l ly  
c ry s ta l l i s e d  fmm l ig h t  p&troledm (tup* #0° ~ 80°)# ftm 
y ie ld  was X*2$#| prism s, sup# X20°** 121° f 0*9?
^  ,1 ;  in  acetone)*
In n s im ila r  m sm er, the  (* ) ac id  © star (2#0g*) gave a 
s o l id  (l*0g*)f prisms from l ig h t  petro l© ® , sup* 120°«* 1210f 
l*0s ■£, I j  In  acetone)*
< 1 0 4 1
t t o t #  %mm a to w a  to  t o  ( * )  M  (+ )
i r i p t o ^ t o a t t ^ l  p to sy ! oojphiml i& t to  follow ing m nm * #
(&) &to& rn to d  with- «  u^yiiroiri&atoxy esiaol Q uantity o f
Hit ( I )  aiyrMtol# .ttoy  oo«h lit;! J30°^ M # f
m  A o f  e ^ m w ii^ to ly  o<$&al o f  anal*.
# p o o i» »  tod ^*p* M9^ *» li i%  mMm  m i  who as wiyod with  
an uutto&tio ip ta in tE  o f t to ' {*>
($} i t o  (♦ ) wo l id  (-§*%*! mteNt witii f tx tto tia
t u t  pp*M tei (1*0$#$*) too ted  m  t to
$tom  toil* toy ,3# t e w t  t^$# iwowXtlog a l l  wna 
i i i t a l f s i  in  o to to m  and t to  o o to tio o  oof&ifi®& w ith 
d ilE l#  to ^ ro o h lo r it  ooid*. ' © a.addition o f  wo tor* a 
& «  « i  oto&im4 w&ioh f a ! !# i  :l# o ^ « to lil« o >
74lo g m  mm  dSsfa lftd  In otooto l asd todijra 
lay&mwl&o s# ln tltn  mt
utrnf©tiing ptool^ltatod tto  w ig lm !  ta lM  .
&*$# l ls ° *  3£d°0* iM&otom « «  i 3 M  t# t to  Hatton 
and, a f t w  aaM ifyir^ tto  d ilu tion
■ with wo toy goo* tto  {«*) ooid p h tto lio  # tte *  (O*0Sg«)f 
a# tto  Bmtrnm  ©o^tow# sup# H©®* &!$&»
and wton stood wito an autto&iio aptilmtn*
i i m i
M l' ^ b i t te r n  #.t its# ioXMs fO*§Xig* each) m i m  \
■ prhthaiie' (0#O1§*) « d  i§*E0*c*i « i  !
. ; trnat## »  Hi# m%®m 'feaifi. tm  io it»rs# . •: mm. mml%%jm
milMimm# m  cli#a$ivXa& in m%mm. ,&na 
.-■ . W  i i im lltm  m fe tr g&f# aa  I
m M *  : fer&a 3Wsq<v®& ,*gd wftporaftgd* and Ha#
m$%$m &lfcsM*Xw§- i a  aioo^al# : ta in  wnt &&&$ eXis&liisa
*ltSx dfuartaft i^»4iuja tqr&txxxid* ■ C fea r&tfcia &£$■ ungteagftd &&X3
i«a* ■■* "
' 1 la 0a&# w|i§B fejwi*##. a* i» M  i l$ f f  yjU» ld#d
Cil -ife# l&i m ^ t m l  i s # #
; : -=wte» m$md mills *& mpm%mn*
fefes t* l « M  i^th&JUs a s i e r # s*$m iiCr** * lim a 
m i m A  w ifch a n  t o t B t i i i l o  o f  H i t  £~S a e i d
ftfttft**. fc&ifc te d  sup* §XB^'SX#*
■'•■■'■fte pv ttm lte  mtmw urae trm t® € m  \
In W. w i f e  X i f c h t a s  f t t o i i f t i c t s a *■■......■ f c f t e *  V k m
vs &i£tsar$ w® w&fcft d i lu te
* a t e r )  a M  c i t e t e S  m&tar» i si: ,&§* X
er^&fe&XXte® $olM  fi teg*)* sup* .1X1^ XM^# aXese iau& 
&lx$d r i t f t  &s mVmtztt®  ®£ t t e  14}
a e i i  until* me* frtat. ill# n o tice
i i m )
mm crude M  m tfbim l ($♦%*}* pfcthalle 
f0#25g#) iM  pjpidim  (X«5g*) «$2*s heated on th* w ater bath
fo r  te n  hours# ftm o i l  m» d isso lved  in  eold
alcoh olic  ©odium hydatoxide# and add i t  ion o f  water gam# the 
u^iia.ngod earMmei£0*lg*1* She a lk a lin e  ae th e r 11©nor mas 
acid ified* and ©» d ilu tio n  with water f i t  MM the crude m id
phthallc o s t e r  ( $ * £ & • ) +  f l i i t f  a f t e r  hea ting  a t  I S O  f o r  o n #  
tern* £m Mss in weight) # ted m*p# XTO0** 175° j 
Co, 0 , » O |^  ,1  in  acetone}*
(?!} * I te  2M Inn p ^ o lo e m  Sulphii sate*
^ w x ^ KpQ im m nntiiM iO
1# the  Ct) ao ld  m%m (0#%#) was dlaseimed in  mold
o tte n o l  (&8«e*)f and the tm itra lie e d  to  phenol
p h t t e l t i a  w ith e th an o lle  ©odium bfdronM®* Sodium g* toluene 
au lp h im te  C0*%*> was added to  the e o la tio n  a f t e r  d i lu tio n  
w ith  w ater (10o«e#)« So re a c tio n  appeared to  la?#  occurred 
w e n  a f te r  ©tending fo r  s te  month©* She eo la tio n  was then 
- d i la te d  w ith  acetone (10e*a#) ami ac id ified *  on d i lu t io n  w ith 
water  the iux»han$ed ac id  e s te r  e ry a ta llia e d  m  th e  acetone 
eemplew (0«dg«)f m#p* and mixed »up# 1X8°** X2e°»
2* fo the  ( f )  ac id  e s te r  {0*ig*} was &fid@4 $©$ formic
a c id  {3e»c«)» e l  m d im  %+tmlmm ea lp h ln a te  (Q*2g#)» fh®
mixture was te s te d  on the water ba te  fo r  h a l f  on hour# A 
c le a r  so lu tio n  was m t  obtained# &£ter cooling the  mixture
wm  d ilu te d  w ith  w ater, tiM the r e s u l t  lag so lid  removed 
by filtration* This* o» rsorystellteafcloa from alcohol 
grr# tetesgtastqrX #f&3rl*&* (0*2g»)# .&up« and mixed 8up*£24^ »22&0
D ilation  o f  the mother Xipsor with a. l i t t l e  water* gays an 
amorphous proolp ltete which rodtesolwcd.on addition o f  
sodXaa hydroxMo solatled* the so lu tion  was therefor® d ilated  
with oc©tout, a c id if ie d , *n& agate d itetod  with waters th is  
gave the dss&ftogod acid  ester  as  &oete«o c o r te x  (0*C6g*).
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0 arblayl ...Hydrogen ffbttmlat©»
During Wm i m m t i ^ k t i m  'of the mthed of reooXution
of the (£) n©M. phtfc&Xate, <m unusual property of t$w 
o p t l m l l y  - m t i m  fe rns m m  ©meu&tered, i » l |  the re&dlmsa 
wlt!& trlitcb fim te t«p©.oM0 o m ^ tm  w ith  m trn n ts* Tbs 
so lfta t *a®2d$o2&8 are, In sosa© o m m  a t least, firaXy boused 
to  the crystal atruetore m  is  obowa by I!m following . 
experiment# #
1* I. tp#0 |»n  ©f m© (4-) mM  e s te r , obtained 41r©otly 
frm  fto  lo ss  soluble bapswsim a a ll iM  ©rygfeaXXlsed from 
oeofcom ** Xl&bb petroleum (b»p* 40°»!60^J# me-dlet,
Xfg0:. (doeog^*), bad£^ y'0S *f {#*> 1$ in umiom),
$&d ©quiwlont S5S (determined fey t t t m t t o n  ©f ait ©©©torn
©elution o f  the e a te r  w ith aqueous baryta)# %© calculated  
equivalent for the par© ester Is 4§0#
Whm thom m m  hooted in the et#stm ©von
at iS^D fm  on# fe©m*# they suffered no loss in  weight or 
©Iteration in malting point* After heating at b©0«# X©©°0 
tinder ZQm* pressure, far fir#  hours the lo ss  in  weight **• 
f | # but th© melting point remined onohftj^ed* She solid  
was than bee ted at X0S# ~ X1Q®C for ©no hour at ttm m m  
pressure, no melting ©eet&xvod* bat there *** a further
i i o f l
additional Im s  ia of 4$* th# fflolting point of th®
»poolrs$n bad now Tim n to XBO0* IBX% it badfocJ^ lOS 
(o f I t f l f / f  X. in  so®ton®)* Xbn ftqulmle&t tmd fa lle n  to  
490 *
II# A spoai&ssn o f  the O ) aeid 6*to* (orytta lllaod  froa  
oeotono * lig h t potroioina) (14«8g«) mm hoatod in  m  o i l  bath 
a t f i° 0  Stej# pressor©* isd  suffered no loos in  weight 
a f te r  two hours #
Th® speoiton  wan then reheated undar th# earn p ressu re  
with a slow stream of air passing over it and through a 
solution of 2t4«dteltrophen l^ Isg'&rasls© in dilute squsous 
b$ds*oohlorio noM* % re a c tio n  was v is lh lo  In  the hydrasin* 
solution until tfo* bath to^omturo roasted 1O0%* after which* 
a boairy fallow preolpltat® fonsod irerj rapidly* fh ls solid  
wm mt&mM. by filtration* and,, after roer^siallisatioa frosi 
e le o h o l f  ^m w  noodle®  * isup# X£50 «* I B # *  a l o m  and  When n ix e d  
with an authentic specimen of aoetom 3 *A~dl&ltroptional 
hydr&soro*
A lo ss  in  weight o f  !♦%* was f in a l ly  aohiorod a f te r  
4 hours I th is  i s  app.roxi^ut#X|r ^«jul?aX#nt to  the lo ss  o f  
«  M loonlo o f  aostaa* fo r  cash nolaaul# o f  hytirogsa 
phthalafceu lii® spoolata then ban isup* 10#~ 20#  f I<^+10? 
( s # 1 | In ao®ioro)$ equivalent 499*
in®)
111* A tpooimn of the (4) &0 M ©st#r (£»0s*)# which hud 
bean r*e?3r»tftlXl»ed fra® &&ot®n& * >  .light petrolem, wa«
©d&od to a asm 11 quantity of t o w #  fh® original madia* 
shaped crystal®. rapidly dhanged to a vary i i m  pm & ® r which 
wat d ifficu ltly  solnbl®, requiring 80c *0 * boiling t o e a s  
for eoa$»l*t* ©ol&tion* On coaling* th® a®M eater {X*8g.l
O'•opftrated a® simll pp%$m, m*p*-140"* iM&'ldoeozap*)# that© 
had o q a lv & lo a t  $74  (oaX oul& tod f o r  1 m l *  eater* 1 m ol* bom on®  
57«)» D^y-92.7 (o» 2.13: / ,  1: la  oca tons).
IV# Mditlon of oolfont^fro# ( + ) a®Id ®*fcor (ia*p* XS& *
3BS°) to aoM bomom (&€#&»} roanIfced in th®
fa m stie n  o f a oloar saMfSamf this* within e s  min**b©t 
deposited small prisms* n*p* l i t0* 14i°| dooo^ p*)*
f  * Addition o f  0 0 ®torn to the f in e ly  powdered* solvent-
foe# (*} or {*) no id o8tor <rag&*d the powder to se t  In 
hard mstti m m inlscent of the behaviour o f anhydrous m&lw,1 
carbomb® on addition of water* $hs solid  dissolved on
heating and the solution* mftm addition of light petroleum 
yielded  the crystalline ®&t#r# aup# 1 IB0- ia2^(doo^p#)| 
o?plvalont #54* OaXcntlsbM fo r  1 m l*  acetone* 1 m l .  e s te r  
+ , /  *
when tbo bonsom eoopl** (o*5g* oppress*) w&a added
( m l
to see tone (2a*®«)* t tern s o lid  d isso lved  vmdXl$p t a t  on 
sismtalaisigf fc|i@ sootoiis o m g lm  wm  deposited , 
sup* l i e 0 * 'IM0 {4^®mzp*}*
I t  w m  Im m r is & te lg  £ov&&  th&t ottes* m l v o n t  
m & m  m r ®  m & d i l j  solu&lo i n  acetone t h u n  was th® motto® 
eosaplsx t t m l t m
Ln& solvents*
I # Aec&Mfcoty wsigtad m o m t o  o f  p m © {+) trip tar^rl- 
» tti$ ,l  phenyl hGrtoogsa phttaXefc© on watch glasses
were so is  tan©#* with a diff#^©Et solvent* The vsrlons
apse 1mm wsto then heated in th@ stora oven foi* thirty  
minutes &M svftNiegosntly ri^pigtai* The reemit# ere 
aiamatyls®& in  the fallowing t shls*
The sp sotoa  o? estsr msti In these experl&snt$ was 
pserlflsd  h$r s^ c r^ s ts lM so tisn  from acetono «* l ig h t  patrolom i 
(tap* 4O0~ 00^}# «wa0 the solvent rssaevsd b^ r tasting at 
110°** ttU °C  t o r to r n  hows* i t  then had fa*p* 1S1°~ 18$°8»
Ac ttwo, I:r.tp ' #  ncirto&thyl 1 % r nyl QimM ctI. T-ydra/ren fh tha la te*
so lven t
o*
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In  i i i i s  same ae r ie s  of experiments a weighed 
'•:-peeiiuen of the ac id  e s t e r  nan t rea ted  ;viti; l i g u t  petroleum 
(b.p* CG -  00) • This specimen suffered n e i th e r  increase  
in weight nor charge in  melting, point*
I I .  P reparation  of pu re . op t5call ; /  ac t ive  acid ea te r .
Further i .nves t iga t ion of tue hehav:? our of the ngdrogen 
guuiiOlate ill X *,i*t  pe roXei..-»iji suo V/ed tue. I* t*he es uer wouIvjl 
be re c r y s t a l l i s e s  in  a pure , so lven t- f ree  condition from 
th is  solvent*
f-he (-*) a c id  e s t e r  ( i * h &•) u ix so lv ed  xri box l i n g  In g u t  
pe t ro leum  ( b* p* 100 -  110^# ( 600c* c*) • On co o l in g  the
"Olu bi on | c xi e 0 ^  x a v* ,:_j \j x v‘o v. t  e e  ^p * s..» .) f nu e b 1 <» o! 
m • p • 1 8 pkj* C*49tPg* r e q u i r e d  fp.C c* c* bo r y t a  (U«0 4 5 • f o r  
n e u t r a l i s a t i o n  — equivalent!  500 ( csluuloteci, 408) ;(fCj -^*lC7» 
(c, 1.9S ; £  9 1 9 in  ace tone) .
P ixel .: «,.• (-} and (-)  e a te rs  IP C XSfT'ih
(1 14 )
H I# Prcppra t j  on .of c ry s t a l l i n e , solvent comrle x e s .
A number of s o lv e n t  complexes were p repared  by 
a d d i t i o n  o f  approwlmataly  0 . 5 g *  of s o l v e n t - f r e e  ( - )  a c id  
p h t l io l io  e n t e r  o f  t r ip n e n y lm e tn y l  phenyl c a rb in o l  to  l c . e #  
of solvent* Complete so lu tio n  took p lace  generally  a t  room 
tem perature o r on - u n t i e  worming. th e n  ©ryota H i s e t ! o n  
a id  not  occu r  r e a d i l y ,  i t  was b rought  about  'by the  a d d i t i o n  
of the mini mum -cue rrt i  ly of 11 gat petro leum ( b .p .  40 -  6C) •
The c r y s t a l s  thus  o b ta in ed  were removed by f i l t r a t i o n ,  
washed w ith  l i g h t  pe t ro leum , end hea ted  f o r  t w e n t y  m inutes  
i n  tne  steam oven. iae e q u i v a l e n t s  were th en  determined by 
d i s s o l v i n g  a c c u r a t e l y  weighed q u a n t i t i e s  o f  th e  s o l i d  
complexes I n  a c e to n e ,  ana t i t r a t i n g  with aqueous barium 
hyuroxide  (approx* 0.05*0 $ u s in g  phenol p n t a a l e i n  as  
ind i  ca to r*
h x4 r e s u l t s  a r e  summarised in  th e  fo l lo w in g  t a b l e .  , 
th e  c a l c u l a t e d  a u i v e l e n t s  i n  th e  l a s t  column a r e  based 
on a 1:1 m o lecu la r  r a t i o  o f  a s t e r  and s o l v e n t .
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TB'? (flee Tpble 711).
U 0 <- t  1 C £z C 1. vi OOuipleX 0 X‘£11 © <X Oil audl. l» 1 (.5 TI Oj. vV
v’&t^r to the solution* hue equivalen t in  th is  case 
in d ic a te s  a composition ■corrosponuing to  3 moles e n te r  
-  2 moles co o tie  a c id .
hie benaviour of tue  so lv e n t-fre e  acid  e n te r  w ith 
carbon u isu lph ide  was v e r y  im usual.
On ad d itio n  of the f in e ly  powdered -o lid  to  the 
so lv e n t, the so lid  coag.ulatea in to  je l ly - l ik e  masses 
whi on were very d i f f i c u l t  to  d isso lv e , even on 
wamin£* • f n stand ing , the so nation g e lled , the 
hardness c f  the gel ana + ne s e t t in g  t i .  e depending 
on concen tra tion* . The r e s u l t in g  gel was g ranu la r in  
te x tu re , rescnolxng fro sn ly  formed s : lies, gel 
ra th e r  tuan gela tine*
Tue crystG .lline complex we a boat obtained by 
ad d itio n  of a largo  q u an tity  o l ig h t  petroleum to a 
wane a i lu te  so lu tio n  of tue e s te r  in  carbon aisu ln iiiue
■k^Owing to tue low melting point of tk i s  complex, the 
*
specimen. was dr iea  in  a vacuum ues ioca to r  a t  room
temoera. t  ure.
II-'-)
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Tabl# IV ,
Action of Heat on Ethylbenzene Complex*
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( 117 )
Conspariaon o f  so lv a tio n  a t  th # ' o p tic a lly  ac tiv e  foraw o f
tr&oh#:? 1 ^ th y l bhsnvi hydrogen phthalafcs w ith '
www«M rfj»^ w w «wMjg*« >fr• « r «*<wte«nr® snow *mw***?*' mnmtiori»n*ruwjnwrsw*#'!mm,»&** *■’*-jab*'*****1 -in in a p i ttriiiir itr l^innfrnur-i'ttnnrmrt-i'.iTxiri>
th a t  .o f the C~j no id  o t te r
X* ' Scpial weights C&ppreou 0#3g# e&eh) o f th s’ ' f t )  and (*) 
by&rogsil p h ih a la tes  m m  dis&aZt?s& la  &e*toa» CX!ie*e« m&h) 
%%.^ 'm In i lo ss  were isi toad and i t  f t  to  stand a t  m m  
, * • A£tm?' ■ t  Ix mmXm. X&rip f l a t  p r .ta a  -1 ©*%*}
m*p# &X®®0 h a d , separated* ■ JHiooa ,wr®. op t ie s  I 
and M  .equivalent $©i . tfc# t i t r a t io n )  f ., In  . eXose ugrmmnt 
w ith  th#  o a lca la tod  w lu a  o f 4P# fo r vthe ..aolvont^Jftpao os to r
II* '' ’neM ester  (0*30^+) and' the* {**1 acid ester"'
(©*£%*) w t  eaoh' dissolved ' in  m xa see ton® (2c*o* '*ftoh)» 
ahd the  t w ” soXationa' ® te 4 * ''" ' I t t m  th ree days a t  room 
t i^ e ra tu r©  the'(3r)'"'aeM #§i#r (0«3£+) 'had''separated*
( ^eoisp*} ' alone and when 'mixed with an 
&tttfcont£6 " s p e e c h * ’ 5h# rsothor li$tu»r 'was aads ’mpr t o ’
., a voltcae o f  X©e*c*,and g w  sa m t m l  rotation  of «*0*g®*. . 
A iim iixg:th# pro sem e o f  0«05g* act If# eatsr* th is  
eerresposa&s to  ■ H ,  * 100° * In o lose agreement ,w i th  tha t  o f 
the Q p ttm llj  pure actire  ester. < i« 3 , -107) ♦ . ;
I I I .  Equal weights (approx. O .lg . each) o f the (+) end 
( • )  so ld  e a te r  were each d isso lved  In  b o ilin g  hensene
( 113 )
£
{£6*0 *1* and..the two..aolufcions mixed While © til l  hot#
On standing* the e a te r  {0*10$*) separated  as n v f  m m ll  
needlea which, when he*ted a t  the  oeu&i r a t e , ' had mp*-'";:- 
g£Cr**' &&3° (decerns*5 # ithen* how ever,' t te ^ : wera 'p la ced ; in  
th# bath  a t  i$0%  ihe^: 'melted daootipos i t  io n # ' ■ "
bad equ ivaien t $&0 1 % t i t r a t i o n ) ,  and'''were o p tic a lly  
ihcictiif#* ' " " ' ' ' '"'
!?«, ; ;i::':' - t t e  (£} mt&  -phthfcild :e « tw  o f triphany list thy 1 
phenyl oartetml-.was h ea ted  ..ucd#*? refloat with-.benzene ,,: 
(8$c«C*) , m%%l:..Mi®.,&®l&%$®n tsm. nature ted# (, On. eoeling , 
the f i l t e r e d ',eolation* miorosrFyit&lllno n tad lae :(0*Sg*) .......
separated  very .rapidly* -. '.Shoe#* .^ban.booted at,, th e : u*nal 
rat®. had mp*, 2 i$0* .222^,, b u t .whan. p lace d . la. the hath  a t  
XSO?#-;th ey -w lted '-w li^ !:d© eo^.esltlon* , fh# e p e e i» n  was 
op t lea  11$*. im a  t  ive .. ap t had. o ^ lw a le n t  £42 (fey t i t r a t io n )#  
MlBis . _; the epeeisaen..waa .heated a t  tS®0 fo r SO minute* to  
. reKcnre th# axecas.o f  so lvent before.. exam ination#. •
?* ' Expcriotent I f  wtia repeated , fent, inatefed o f cooling
the so In t  ion quickly » i t  was lo f t  i n 'th e : water bath  in  
which i t  had been heated* th l#  g re a tly  reduced the ra te  . 
o f erjst« liis& fcio%  &nd ;th# re su ltin g  ©olid had m*p# 221°
-  S££^{&eoas$u}, ■ equivalent*. SOI* .
(**) acid cater diaaoiwad readily in  a saturated
mmtom mMti&n of the (t) cater# the resulting solution 
was o p tim llj  set-lret £*]j* •XOX# (©#. 1*04f 15# This 
i t  in  olom ®§m€mm& w ith ttis  spec i f  la  ro ta t io n  o f  the pure 
o p t ic a l ly  nefclir# o t t e r  in  aostao©* (See p# 81}#
Tim &ppnmtm  uttd was o f the usual Melaaa&o typo# 
with a rotary g^olmnioal stirrer#  Tm  s t ir r e r  carried a 
rubber a m i lubricated with s il ic o n s  vacuum groat®f arid was 
supported* togsthsr with the th©ii»Jiet©.r# in a rubber 
stopper* these precautions war© m mzmwf in order to  
prwcnb isoiaturw from oohdtnsing on the  m Xm nt and thus 
o&maisag ssrious orrery' la the dotamln&tXons#
Owing to klm 1m solubility  o f th© i t )  ester and of 
the aitw hom enom isplax o f the (+) ©star at the freesing 
point o f nitrofeoissono, higher concentrations, iM  therefore 
higher depressions could not he obtained*
(a) fhe {+) e s te r  (Q.23X8g.) in  sltrofcemeB* (£4»0g») gar© 
a frooming p o in t depression o f  0*X33.*
Solaatiiar weight of ester -  010 (Calculated* 49©^
(to) She (S) ©iter (0*$495g«) in nltrobensexa* (23#Sg*) gar# 
fre e s lag  po in t depression  o f  0*170*
Koloetilar weight o f eater «* ©10 (Calculated* 408)
After titration  of the hydrogen phfchalio ester In 
acetone solution with aquooua barlim hydro*Me* both 
optically active and Inactive forma, m  $tm ding# gave a 
deposit of fine* colourless uoadXss* tbaso war# examined 
as followsi
1# On Ignition, a white residua mm im& t which* whoa 
dissolved la  d ilate hydrochloric cold* shy# a white 
precipitate with dilute sulphuric cold* indicating the 
presence of
XI# ttm  o r y s ta llim  so lid  was reasonably soluble in  
acetone* and whoa such a so lu tio n  was a c id if ie d  with  
c o v e n tra te d  hydrochloric a c id , a white p re c ip ita te  was 
oht&incd* ftiia  was roxsovod by f i l t r a t i o n ,  and whoa 
dissolved Am water, a whit# precipitate with dilute 
su lphuric  acid# By ad d itio n  o f  water to  th# mother 
liquor the o r ig in a l acid cater was obtaiasd*
111# a  so lu tio n  o f tha  (*) aoi# c a te r  (0*60O@*) la  warn 
scatom# (£Gc*c.}# **<|ul*#A I$*8o#e* o f  barium hydroxide 
solution (0*08471) for neutralisation to plmml phthalaiiu
A slight* mmrghmm pm®tpltat# ©t Pm end. o f
the titration  and tn ii wm m m m d  fey filtration* fh# 
fa u lt in g  oX©©# solntion, on standing* deposited m m ttm  
of mwy t im  me&lm  (0*%*)* 3&**ot after  noory&fcaHX©-
HBtiion from hot &$n&©n© fceotone (Xsl)* %me iXm m edlm  
' |0*5g*) ®*p* iX$^ SXS t^d&eossp*)*
C**3r#fcaX© wem ofeb&ised i s  a sialXsr m&ne# from th@
(J) n©M ph.Pml$& eater, m edlm , »*p* 2X3° <* &l?°(d*0offlp«)* 
Both spo© irons won® dfied to oonatant weight i s  n 
dm dem ter mm? ealcima ©hlorido, then aomrately 
yd o f ©&©h w©r© ig *itod* &© resldu©
w«* treated with ©onqontratod ©alplmrle aoM asd Ignited 
to ©onst&^woight*
0 #ssiig*  <**} sa lt  gitw o«o423s* Baso4 iioi* n%4 124s
0 #£^?0tp||# f*) s a l t  jgaw© O-t-OXdlg* flswU-s .ikoi* At» 1235
Oik X© ix Is to s fox* C 0 ) £}£>© ** «a*1oX
On X.©nXa t©d fox* •  124*7
r* Uh# b a r lost m t t  of the (*) no id ©st©r (0«&5g«) 
was heatod at a prossor© o f 4tea# with a slow atraam of 
air passing ©vw i t  and fchnongh a ©olntlon of S jd^dtaitro* 
phongrl tg'&m&tem tn dilute fcpdtati&lorio acid* ^ben the
"bath ioi&poruiur# had ro&ohod 190% a follow ppooipltato
{M2}
to appear i s  the hydros Iso solution* This rapidly 
immtiBod in a itoan t, and when. roeryst& X X ised from Aqueous 
alcohol 1ml 12#p* 12BQ* X26°> alone and whan isixsd with an 
m rthontie gpacisum o f aea ton©«*£ s4*4initroph©i‘^ r X hydras one* 
f lu  yin Id of iiydxwos# was C.0ig*f th is  rep resen ts 651 
o f  the thftoretle&l f i t l a  assuming th a t  the ®&lfc contain#
8 iBolot o f  not tom*
Similar r e s u l t s  obtained by treatment of the 
It) nalfe JLOi- ■$& aim lia r  na&ner*
/ , , p  i
